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-^1 1 ^^L^ ^j-^ oI-no^JU ^i—vfr ^LifcLil ^jm^Lm*^! ^jAiljAJi 

oL-^UJI *^LJ1 ^jJjjjsJl *o"i[L^'4l *4.^«Li:*Jt .JaiJl 

UU^i j;ys-b o-"^*-^ ^ a-^->J^^ tr'J-^^^ ^JJ^i 

^jAf- J-^ jxi ^jjj33lSLJl o-jj J-^ 



7 uUaII : bM)l 

25 uU«i,liPi)li Jlidll : i^liJl JmaJI 

39 uU^i JUai : (^CJI JmaJ( 

57 d-a)l : JJiyi JmaI( 

69 uliMiH : (^Utl JmaH 

81 ulkhMI li>IiJ : jhJLiJI JmaII 

103 luU^I jl^Vt : ^U)l JmaII 

119 (PtJi4^t 4}9>^( : cM'l 

133 uYVl «aAl>i)l «uUlll : (mQI Jma)I 

143 (i^jA . i^ddM!) Xk«UII aUllimn UiJ 



Set Theory 



i^^ii ^ 

uU^I 4^ uULoll ✓ 

Sets and Elements >[dUjJ1j uUili 

(elements or members ^Ljlp- JLi. 4f^L-LJi*"ill j_« ap^a*** iuiJI 
.oUi31 j^Ua3 jj*^ a, . . . 9jJu^\ 
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p € .4 

.p e /I jj^l ^ 4"A ^ ^ p" jtJk^S Ul 
p « 

Principle of Extension JUil IJUa 

Specifying Sets uU^I JJd»J 

y4 = {a, e, i, o, u} 

Ij-Lj ^LjjJI (ji Jk^'if .a, e, i, o, u tijj_»JI U^Llp ijLiil JjUj* 

B= {x.x is an even integer, jc > 0} 

y jt^ . "^^Ava3l y> jyrjj ^ '"^ ^U*3I B" \ jLj 

aILsJI oJl* .'<Lsry^\ ijsrjj)! ^I-LpVI U^-^Lp ^\ B iiiii ^iAJi 

(,) l—^Jj ij_Jb. colon (:) J ijLoll ^ j-Mai*3 X ^j-p- 

• " j" ' y** comma 
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1.1 aJ^aJL^ 

UsiV^r CoiS A iSiLJI isiJt (a) 

A = {x:xis& letter in the English alphabet, jc is a vowel} 

.p f^A *eeA 

5= {2, 4, 6,...} 

.-7 ^ 5 8 e 5 oi Ji^tAij 4i>-jjJt ilJtf-^l 

^^^1 ^\J^^\ ^ E 0\ is'^ 4E={x:x^-3x + 2 = 0} jSoJ (c) 

solution set J*JI 4si E j- ULs^I .j:^ - 3a: + 2 = 0 aJ^UJJ J ^ 
.£={1,2} 4^\sS a ^aI^UJI J^o^j .5Uma5I 4)dUJ3 

oj-i .G= {1,2,2, 1,2} jF={2, 1} {x:;c^-3jc + 2 = 0} 

.L^y Ju^i jf U^Up' OjjSo 13 j ^ JLj a&iII 
Solved Problem 1.1 

(a) The set A above can also be written as 

A = { jr: X is a letter in the English alphabet, jc is a vowel ) 

Observe that b « i4, e € ^4, and p i4. 

ib) We could not list all the elements of the above set B although 
frequently we specify the set by writing 

J5=(2.4.6....) 
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where we assume that everyone knows what we mean. Observe that 8 g 
B but -7 <S B. 



(c) Let E= [x: — 3>x + 2 = 0) Aw other words, E consists of those 
numbers which are solutions of the equation x^ - 3x + 2 = 0, sometimes 
called the solution set of the given equation. Since the solutions of the 
equation are 1 and 2, we could also write £'={1,2). 

id) Let£:= [x:x'^-3x+2 = 0],F= {2, 1} and G = {1.2,2, 1,2). 
Then E= F=G. Observe that a set does not depend on the way in which 
its elements are displayed. A set remains the same if its elements are re- 
peated or rearranged. 



N= {1,2, 3. ...} ij^r^l '*>.i^>^\ .sIjlpSII 
Z= {...,-2,-1,0, 1,2, ...} o*,;^! iljLpSfl iii 



R= iijA^l ^Sss-HS Aji 
C= A^^l ^1jlp*^I Aii 
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where we assume that everyone knows what we mean. Observe that 8 g 
B but -7 « B. 

(c) Let £ = { j:: - 3a: + 2 = 0] . In other words, E consists of those 
numbers which are solutions of the equation - 3jc + 2 = 0, sometimes 
called the solution set of the given equation. Since the solutions of the 
equation are 1 and 2, we could also write E = { 1, 2}. 

id) LctE={jc:jc2-3jc + 2 = 0},F={2, 1) andG={1.2,2, 1.2). 
Hien E — F=G. Observe that a set does not depend on the way in which 
its elements are displayed. A set remains the same if its elements are re- 
peated or rearranged. 



l^iP j,A*«cdiJ Aj^\^S jyi^S ^jixMj j»JL>mX-*» diiJJj Ifc^ji j^^Sca CjUi3l ^^jiuu 

N - { 1i 2, 3, . . . } I 

Z-{ .,-2, -1, 0, 1,2, ...} i.,*^! iijipSfl iss 




jJLJI ^ JLJIjJI iJL-P "J .0-^ Oj$i!. 

0^ (^-rJVj 1976 j:^ 
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Principle of Abstraction Jb (JU* 



^1^1 

Universal Set and Empty Set 

u 

5 = {jt: jc is a positive integer, jc^ = 3} 

4JUJI 4£i)l> (^^^ .aj^ILaJI 4^UJI 

^^Ij 1(1 >b^^ empty or null set ^jyi^alt asJUS 

0 

Oi-i 4_JU- iL» 7* J 5 uL.S' ISJ ajI ^5! foJUs-j 'i-J^ ^ -i^jij 
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Subsets ^>^)< uQ^I 

(^^JCM B of B oljSM A <£ili of Coif J^Ajj *B i^SypT 

<_j5iil ^ ^ * 4, 6} 1.2 4J iJL-u» 

^1 UiiJ £ J\ ^j^^ 6 «4 *2 JJLP jr 01 ci-^ F= {6,2,4} 

A^yPT ^ iii JS' of oU} ^^mj JiJL .£ = F iijji^Jl .F 

Solved Problem 1.2 The set E = {2. 4, 6} is a subset of the set F= {6, 2, 
4}, since each number 2, 4, and 6 belonging to E also belongs to F. In 
fact, £ = F. In a similar manner, it can be shown that every set is a sub- 
set of itself. 

^-Aij- ^--i-J-y*^! *t/ iJULiJI iii31 ij5j>- Asi ^ A iii (i) 

^ 0^/ dUij l^-Jj Aii ^yb A (ii) 

B ^ ^ JS-j B XsiJI ^„ ^ ^ jr 0*5- lil (iii) 

ijl^^ C ^1 ^^^^^ A^^^d'\ jw^yi ^ ixiJI ji 
./< cC 01* 5cCj 015' lit ^jP'\ 

of tsf _^Li*31 5j Oi* Bcyl cJl5'j AcB c^\^ lil (iv) 

J-5'0*iiiUij Be A ,/icS0ii/i = 5cJl5' j.,-S:Jlij ./i = 5 

. \^,„i; ^ 'i^ 4^ 
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l.l Jijlai 

,0^Ac,U A 433 (i) 
,A^A L..JJ Alsk^s^ (ii) 
.^cCoii^cCcJlTj^c^s^Jir 1^1 (iii) 
.fic/l cJir JiJ Jadj .bl/l = 5 (iv) 

Oj-Sor LaJLlp .a ^ B OjSj jS1*aJI ^ ^jji c oils' lij 
5 proper subset il-^i 5*5 js;- ixi Oj Jji; bj^ 5 j A^B 

^ = {1,3} fi={l,2,3} C={1,3.2} 

.B = C C 5-Jja»- 'iii c— J 

Venn Diagrams ^ uUbbm 

5LU»« oU-Lmaj ol&ilt Jjuj w1->- oliiU ^ji^y^ ly oLUkj** 

^Ijit (5>>-Sll oLiiJIj J..Ja.7.>.>B Ji-b 5^L.^ J±«jr ^JULllI 5£i)l 
A J_lfci t^JiJl jj^j-SJl op v4 c 5 cJl^ li^i .J^W.....ftJi IjL* J^b 
A cjLS' lij .l-l(fl) US' B JjUj i^JJI ^yai Ji-b liUj" 

/4 — J JjUaII ^Jay^\ u^i U^;^ il_,s^ ^^-sa:^ -i«rji "i^ -^j^ ,j*sJUaii« 
.\-\{b) JSLiJI ^ L*r 5 J Ji*-JI ^ Jvaii- 

JL^rji* Ol j3_S^a-J1 ,jAi A cJlS' bj JU- il ^Js^^ 

^ jL>-ji- "if ^lip JU* Ciiij .Sj ^ JS" ^ Air^;. >i>^l 

.l-l(c) JSLliL Bj .4 J 51UJI oIa JiAi- C.>*J^j .fl ^ "^j 
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(a) AQB 







U 


Q 




) 



(0 

Arguments and Venn Diagrams oUaia^toj 

."^ *9*jj>m^ argument 4»oJI cols' 
["^LmJI ^ ij^i" Lewis Carroll 4i3^ 

.JUas-I ^^ii I4J ^/L-U, -^j :53 

Solved Problem 1.3 Show that the following argument (adapted from a 
book on logic by Lewis Carroll, the author of Alice in Wonderland) is 
valid: 



- 14 - 



5| : My saucepans are the only things I have that are made of tin. 

^2* I find all your presents very useful. 

5^: None of my saucepans is of the slightest use. 



S: Your presents to me are not made of tin. 

A-2 y JLLi^ 




1-2 JSJb 

.1-3 J SaL>^ ^ J-^ 



A-p-^x.s'ajcJ\ p.L*JiSll (tin objects) iis A.lLv3.a;..o (your presents) (^LIjl*) 



Set Operations uUa)I 4^ uUUaII 

.oljtiJI ioLjJl oLIajJI liJif^ ^Jii. jiiJI IJub 

Union and Intersection ib^V^ 
j-^LinJI ^>-^iAj>- 4_iti (A ^ B ya y> <Bj A union iUol 

AyuB= {x:x G Aorx G B) 
iL^mJ'ill ^jS Jaia»^ yt l-4(a) JSLi ."j/jl" pJL>eu-j' or L*j 



(o) JJLk. 5 J /I iUil (MJiii- 5 J ^U? 

1-4 js;^ 

j-^L*Ji -iJt* tA r\ B j^^Ij 43 j-o^j «Z?j A ^^^-xa intersection 

oi c5» ^ a- uf^' cfJ* 

/I o = {j:: a: e ^ and x e 5) 
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4-Pj.;...r*ft.U «-L^^I (tin objects) iik 4lvia;a (your presents) (JLtjuh) 



Set Operations uUuUf 4^ uUUaII 

.oUdJI XaI^JI oLUjJI j4 bjip- ^JLL. jllJI (i* 

Union and Intersection ^buVt 
j^LijJI 'i— i> *Akj B 4 y jtj (Bj A union dl»o't 

^ o = {x: jc e ^ orx G 5) 
iU>jr'5fl cl._jjp- j4 JaL^ ^ l-4(a) JSLi ."j/jl" ^Jl*^' or Laj 




4£ft tA r\ B 4^ y>ji^ *Bj A intersection ^l£" 

AntB= {x:x eA and x g B) 
.JIL. ^ o £ ^UJI iJ.»ui ^ 1-4(6) 
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.C={2,3.5,7} .5= {3, 4. 5, 6, 7} = {1,2,3,4} jS^ 1.4aJjU^4JL^ 
. (flO ^ r» C «(c) u C« (^j) /< o 5 «(fl) /< JL^jl 

Solved Problem 1.4 Let /I ={ 1, 2, 3. 4), B = {3, 4, 5, 6, 7). and C= {2, 
3, 5, 7 }. Find (a) A u B; (^) A o B\ (c) /I u C; and (t/) /I o C. 

(a)i4uB={l,2, 3, 4, 5, 6.7} 

(&)>4oB = {3,4) 

(c) /luCrr {1,2, 3,4, 5,7) 

(i/)/lnC={2.3) 

^.v^ ^ISbJtj ^Im"^! oLUju oJLSb Olsill t''y^\ 4.>.U.g- 

.4JL31 J- 

.AkjB = B j /4oB = y4 : SiiVS:^- SJbJl ^UsJl :l.2 5jjJflj 

Complements O W » a » J l 

J*jJ^ >»yj ifi^ii absolute complement jJLLJl j^axJI .C/ iULi 
oi ,^1 ,A J\ ^ ^^UJ\ ^ ^1 ^Uii i« ^ 
A''=[x:xG f/,x<S A) 

.SJJ^ i.l»«o ^ 1-5(0) JSLi 

Jj^l J I y4 4_ial' 4; B iiiJU relative complement ^5--*^' j^-^jiJI 

y4 J I _^Lxa3I iii jA </4\B -j 4] >Ojjj «5j jj-i difference 

y1\B= {jr:.v€ i4,jc6 fl) 
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.iUlsJ. A\B vi*^ ^ JaLi^ l-5(^) ^ ."5 a" \j£i A\B iUil 




Symmetric Difference JjUIi) Hjaii 

^\ ^L*JI ^ ojS^. ,A®B jjtJL a5 j^^. Bj a tj^^ixiiS JJUjuJI J^I 

Bj\ A J 

/\ e = (A o B)\ (A o fi) 

A e = o 

:oii 5={4, 5,6,7, 8,9} = {1, 2, 3, 4, 5, 6} c^lT lil 
.^e^ =[1,2,3,7,8,9} uii JbJlo = {7, 8, 9} «/i\5= {1, 2, 3} 

1-6 JSJIi 

.JJLIiw ® Sak^ ^jj. 1-6 J5LiJl 
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.411^1 A\B jS 1-5(6) ."5 .4" \jSSA\B 4£i}l 




1-5 



Symmetric Difference JjUI&f SjiiS 

A® J? = (/luB)\(i4nB) 

A © 5 = u (B\A) 

: 0^9 B = {4, 5. 6, 7, 8, 9} *i4 = {1, 2, 3, 4, 5, 6} cJlT bl 
..4©B =[1,2,3,7,8,9) 6l» Jbllo *BU = {7,8,9> «^\B= {1.2,3} 




1-6 jSSi 



.JILo ^ © B j3 JJa»«4 ^jj. 1-6 J^l 
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Algebra of Sets and Duality Suiljultj uUaII ^ 

oUilLcA J I ^1j9 oJlP ,3it>mj ^U:Jtj jU«j''^l oLLa^ ^ oliill 

.1-1 JjJli>Jl ^ ^1 j-ilyJi Ji^-i- oUiJl :i.3 4ijlai 
.AJiUuJl ^_5fjLs^ j>» J— S' JC \j> j-AiP pUjil plJL>.X-.l oliiJl 

(/4\fi/ = y4''L->5 SJbJl oUM Sbui ^oliUasJI ^\jS^\j 

(A\B)"=(AnB'^)' 







Idcmpotcnt laws J^J^jl'o^'j' 








(/ft) yfOil^^ 






Associative laws g^JJl ^ 
(y*UJ)UC=>4U(BuC) (2ft) (<4n«)nc = 


An{Bnc) 






Commutalive laws J<M< t^si* 








(jft) AnB = Br\A 








Diitribath-c laws ^jjsl* ^1 ^ 






/4u(BnOs(>4u0}nMuc) (^A) v4n(tfuc) = 


lAr\ff)u{Anc) 






Identity laws JtlUl j^lji 








C5ft) .4n(/ = ^ 








(6ft) i4 n 0 « 0 




Involution laws tJUJ'il ji 
(7) 




AUA' = U 


Complement laws f UJt |>9>l ji 

(Aft) AHA' = 0 






U'=0 


(9A) 0'-t/ 








DcMorgan's laws OVrjj* a» ji 






[AUB)' ^AT nB' 


(/OA) lAr\B)'=A 


'UB' 
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Duality 2J\^\ 
.(26)j (2a) 'xjl* ^ c-Ji3 1-1 JjJL*- ^ oUlkoJl ji Ji^tJL. 

E 0 J t/ «n j^^l J-T ^.J^, U-JU> J-^ t^^* ^* 

bJiAj Ift-iuu ^ iJiUwB 1-1 JjJl^JI j_y9 ^Ijjl 01 Ja3-'!iL».j 

131 4j| ^principle of duality i-jLiJI Ijl^ ...y oUiJI 'i^in^ 

UJiu.i >^ A-J.al.YaJi E* SJiLnAJl Oi* iiUaX* £ iJiUto C-ilS' 

Finite Sets, Counting Principle 

4-ii:;.->^i ^^.^LjjJI a m ^^^JLp IiwiJIj Oj:;p-t 131 4.>^'Uo 1^1 ^uiJLI JUu 

Oj-So' 4_tiil i <Jl>Jl oJla .(wJl-. i-l^ ni v^U*i^ 

4_«9-jaJ1 4_^jjJ1 49«;t»w3ll ^IjlpSII ^ Ujlo <4.^^-.-.;.a ^ u'l^bAj' 

.(-Siil-sj "iJ) 4^4^ ^ 'ii* {2, 4, 6, } 

i—JLiJI ^LjlaJI jJl-p notation \Sj-»^^ J— -jU J 1 

./4 4.J4..-.U.11 

4^ A B J ..vi./ifl;« j.v..^ vta J OJl^ 131 :1.4 AjJL^^J 

u fl) = /1(A) + H(B) 
jJLiA JLj*«jj A j-^Lj* "ifjl jljo JlJ .Proof Ol^^l 
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.n(AuB) = n(A) + n(B) 
J '-L^xijt 'isi A ^ B ^^jfjj^j^e jjAias 5j ^ cJlS' lit :1.5 5ijia^ 
n(A u B) = + - n(A n S) 

4:^^£U isA A u B u C 4\.^7;« olt» C *B ,A c^\^ b) :1.6 aI? j9«JU 

w(>l u B o C) = w(i4) + n(B) + n(C) 

- ;i(i4 n 5) - /i(A n C) - «(B n C) + n{A r\BnC) 

Classes of Sets, Power Sets, Partitions 

.subcollection jl subclass ^j^^ 
Power Sets t^^i OUi 

viuLS' tSl .Power (5) >«JLj <J 5 <iil3 i5jail 4£s j. J-.aiJt IJl* 
<pjij4 2 yk bh^U^ ^JLpj CUil 4iifx.;.a jjSor Power(^ 0^ '^dF^ ^ ^ 

/i(Power(5)) = 2''<*> 
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Partitions OUjjj^ali 

Collection 4^ jam S *iJi\ ^^Sj^' <JL>,Jb«s)lj .^JU^iJwaj 4JU> ^ 

.Ai ^ oJL^lj I a e 5 J5' (i) 

l ft ., rtw> A l .. rt fl ;o {/ij} oUiJI (ii) 

Ai nAj = 0 o\i Ai jt Aj lit 

JSaj 1-7 J5^ .Cells j partition *t5j»-sJl ^ ^-Sj^Jl oUiJl^ 

./l3«/i2 L:5Li- 5 Jl J.U..>« JU- ^yJl 4ia3i *i^j*?aJ J U.U^< 

. As^ A4 




1-7 Jtt 



Generalized Set Operations t^Uir?t*Jl j^.*.«JiJ 

. kjii ij-:^ UjL^ oL-iiii ^LS:Jtj ^Usj'*^! ciLIa^ ^ Ji^ 

jt \',^ 7; a OLS" OlsiJI iJLP oUIaa]! oJUb ^t^AXJ JjSLoj 
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i4, u • • KjA„= I Ai ^{x:xG for some A;) 
A, n n . . • r\A„= n" i Aj = e A,- for every ) 

j-^UJ ^UsJlj iU«''iIl oi» ip^^Aj>*« (jf A oils' liij 

u(A: A e A) = {jc: j: G A for some A g A} 
n(A: A G A) = {at: JC e A for every A e A} 
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Functions and Algorithms 

VJ^i jijjlJI JL^ii) JL^ii Jijoii ✓ 

:usaai ji^jjij (o>4uri) 

:LMlijl^iU1 jliJJIj J^i"^^ ^ISLu^Ujil JliOll ✓ 
uUiU Jitfi^lj uUjOIII ✓ 

Uj)^ ai^l JljaJl ✓ 

Functions JI^JJI 

AiiJI .S iiiJI y4 AiiJI function iib (^^a— i' oLu*aJI oJla ^pja^ 
■ ^^ti JLLJI -V B S-iiJIj SJIjJI domain JLUj ■■>• 

.aJIjlU codomain 
^ .BJ\A^'S1\^ yjfj^ o^j^ Jb-All o^Ip 
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•/of a" t yiij/i?) G ^ 61^ ."5 Jl ^ 

/S_A-J / ^Lj' c*.j>«j' a ojj — image 
jl — « range ...y jj—^I J^* iis .a Ju^ 
Ran (/) I4J yoji^ f: y4 —> B iJljJi 5jj-^ ./ oj^-^ 
./(/I) Im (/) ji 

ibSo aJIjJI oJla jjS^. .iJijJI IJla ^J^d^ J^' 

y = x'' jl /(x)=a:2 

^LjJI ^^jwixAJI J. J independent variable Jav-. oil ^^-AxaJI ;c 

.j: ift-i .U;c«u' >^ ot el*-;- dependent variable 

(3LJaj 61 (_yi»^;X_aJ \ iJ^ ji^*^^ iJ'iljb X^Ls-ytf ilau-l^ iJljJl ^^jiww LoJUlP- 

.R k_<c?-Ls<xJl jLLJi CaJ.lj ((_^^ Oli) Aiyco 4A...s<al i 

Composite Function ^ItJJl 




•/of a" !>~jX*') 01* a e ol^ lil ."^ 

/ <L^.J> J I / C— >o a 5jj .,<9 image .m\^ 

jl — 0 range ^t , ,.. y jj— JS* .o jup 
Ran (/) \^ yji,f\A-^B aIIjJI ./5j^ 
./(^) ji Im (/) ji 

4jl::Sl4 iJljJl oJl» 4;,SL»j. .iJu3l IJla ,yLji»- i-V^ JS' JJLi' 

^LJi ■■■> y J independent variable Jgy ...ftU ^..>y.».U yt, x 

.X 4aJ» i^ip ,Uy«y ^ ijl dependent variable 

.R ^ i^UoAJi oUall) Coi fj Ol^) 4ii>4 4^M,JI JjuHu 

Composite Function '^J^t l&lldll 

(j ^■■^•^") L5*--^ ^ Lpi ^ *>■ •^--'^ ^j*! .g iJljlJl L?Ua: 

26 




.g 4_JljJl /(f?) 5jJ-M» JL»-jJ ^ /iiljJl 4Ja--.ljj ojj-^ J* 

4l»L^ j1 At -j W Identity Function ^UasJt Alb 4^ 

f^U=f and lB'>f = f 

(p>4Uli) ^ui^Alt JljJit i(aijUUl) Jip-t^l jp^lj Jljdll 

Onc-to-Onc, Onto, and Invcrtiblc Functions 

bl (1 -1 s^^^) One-to-One JL^IjI Jb-lj Sib Jl5i./:>4 >5 <Jl.vU 

jj^j" \S^^ 'Afll^o>a ^ 'iilvivrAjl j,v£9l:uJl CUj\5 

i? = a' .jf /(i7) = /{a') Oir bl JL. IjJ .J^ !j / 

^-.^ J-f olT bl Onto (Ej^Ic) 4-3j4 SJb \^ Jlib./:/l - > 3 iJljJI 
f : A —> B tjjS^'J oIa-ISoj .A \j» 5jj-^ ^ 

-A^) = B 0\ is'\ <v_*fl"LaAJI JU«aJ1 ^ y^^f hj^ '^i (iijjO 

.B ^Js'A ^\ B Onto ^Js- A^'ii\if ol iiUJI el* ^ J^j 

g: 4Jb oJL_>-j bl Invertibic 4 .,<«;«> I4) Jli./:y4->/? aSIjJI 

.(g) SJIjJI Jbrji Ji9 iaUll iiUJI /<>g = //s ^go/ =/^ul 

5. ..^<iU; /61 Jl a* Jl5J^ J ^b Lgiji o -li J ol ^jSCi 

.[nvertibility y^lSCt.j"iU 4JI1UU tk— j IjjLjv* i^^' ^J^' '*^.J^^ .Invertible 
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JL^ljJ jlj-Ij/cjIS' Jii Jaiij A'i\ 4.S^f:A^B iJljJI :2.1 ^ijJaj 
^ L IJl» .5j ^ ^ one-to-one correspondence JL9-Ij3 Jb-\j 

Jijjaij W^l Jljolf ^2UtfU>lt Jljdll 

Mathematical Functions; Exponential and 
Logarithmic Functions 

oL*«jjlj^l J--J^' ^Ss^ L*^* JljjJI ^JL2i JUJI lift 

Floor and Ceiling Functions cAfl-Jlj J^J^^ 

.X jfr Jjji "if iJLP Jl >»j;*j iJuJI floor ^^A^ UJ 431 jJ I 

.X Ji. "if iJLp jsi j_,J j i-i*Jl ceiling .-iH-. j^^a— i* Ta-I XJijJi 

Integer and Absolute Value Functions A^^ij ^bj^t^l ls!b 

INT(x) 1^,. ,T<,"j integer value JC *lb Oi» ',yLJi»- ^Jlp^ x jSLJ 

^Lui <^Ju3l ^ fractional (^^^^.^l »j»JI tJi^w ^JIp x Jjm 

INTO. 14) = 3, INT(V5 ) = 2, INT(-8.5) = -8 
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\x I jl ABS(a:) X j_^_JLi>- jJLP (jS/ absolute value iiliaAJI i<L-iJI 

9^ 0 j»-iiJ ,ABS(0) = 0 JbJljj ,-x /\x ^>cu-Jijl ^1 L^l ^ ^yO* 
.CJL- Uij ABS(;c) = -x ji ABS(x) = x 

|-15|=15, |7| = 7, 1-3.331 = 3.33 

Remainder Function; Modular Arithmetic 

A: (mod M) 

k = Mq + r where 0 ^ r < M 

25 (mod 7) = 4, 25 (mod 5) = 0, 35 (mod 1 1 ) = 2 
OjSCi J .r' ^Ul A/ ^JJ> \k\ ^ LjJis lliL- k jlT lij 

I .r' 5fi 0 A (mod M) = M-r' 

-26(mod7) = 7-5-2, -371 (mod 8) = 8 - 3 = 5, -39 (mod 3) = 0 
,_^Lj.^I JjUaJI 45:)U iJ'ifjdJ j»Jii«:u-j. (mod) 

6 - fl A/ ol5' iaiiij as 6 (mod A/) 



b JjUai* a" 1^^, a = b (mod M) ^-jcJIj « modulus ^_^LiJl M ^y^j 
^\jJ)^\ Lj—l ^^Uadl isliU-j . (a is congruent to 6 modulo A/) "A/ jj-Lio 

OsiV/(modA/) ^ fl± A/sa(mod A/) 
ILoL^i oUajJI Ua aj A^h .arithmetic modulo M M ^Ja\J^^^^^'L.>^\ 

{0, 1,2, A/- 1} 

{1,2,3 M) 

Exponential Functions J^j-U* 

a"* = a-a---a (m times), o'^ = I, ^ '"^"L' 

a 

^ d' = lim a\ I limiting process oLUJl x 4'.fl.fl>JI ^IjlpSII 

/■->jf "1 

.rational number {Sj-^ ^ 
Logarithmic Functions JIjJJI 
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=x J = log^ X 
i^^ill iJljJi ^j'Ss' log^ ji ^^UlJI oJLa .6Us\icL» Ua 

2^ = 8 OV log2 8 = 3 . 10^=100 log,ol00 = 2 

2^ = 64 log2 64 = 6 * 10"' = 0.001 j'if log, ^ 6.001 = -3 

6°= I log^l=0 * 6' = ij jSl \o%^b=\ 

uUiU ILyj^l J>i^lj uUuClUI 

Sequences, Indexed Classes of Sets 

JljjJI ^ ijL^U- oU-ji Ujb oUiU 4^^^^jlaJl Jj.s<ai]|j oUulx;wftJt 

Sequences OUylsuJl 
.y4 a-^tjaJI iljLf^bU N= {1,2, 3, ...} iiill iJb ^ 

fli.flj.Os. ■•• or {a^:/ieN} orsimply {o^J 
iljLpbU {0, 1, 2, ...} <jti3l A-«AaJI^.^- jUaJ OjS;.. UL^i 

ji^L; iJLjJ /? ol Jj-£ 4JUJI eJlA .N "iljb 4JLJI jJ- 'i:>^^^>^\ 

.1 ^ Vj. 
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{1, 2, .., /«} 4_ijaJI yi4l\^^A '<ijji\ ^Jf- finite sequence JL4:c;aJI iubaJI 
^JA. ^ 4_*4:u«Jl X-iolcyJlj ,au di* 03, ...» dm 5>U' (4) j^i 
.(m-tiiple) j-^aiP- Axljjt ia list luilS liL^-l 

Summation Symbol, Sums ^•-^^ J-^^ t j 

a„ £72> ^^3' ■•■ cjLS' lil .(signia ^jjLjjJl Z jjj U» ^jlaI 

^ 

>=• j-m 

jJcuJI jl dummy index J?JjJl Jo^t*^* ly.-j^ cJ* '^-P^* 

• dummy variable j^jAJ^jJI 

Indexed Classes of Sets OUaU 4^ j^^^ Jj^l 

J .f : I S iJb 5 j / indexing function i-^^l 

/ Cols' lil .indices ij^l / ^Up^j indexing set 'i^j^S / iiiil 

./ ^iJL»«:u«\j A^^,^ S Lu^ 'Ufyj -i^^^ ±>'\^ 4lb 

Recursively Defined Functions U>lj53 S&^l JljJJI 

aJIjJI oi* Ij^b OjS^. .4— ii ^jJ. AJl-jJi '-i.^* 
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base <^L. ^^^\ ^yi^' L> arguments oi jJcm ^IUa OjS^. d\ ti^-^w. . 1 

J\ 4S\jS\ ^ values 

iJtjJI j-J»SA o^S^j. 01 U-^ ^ C^-^" -2 

.^UJI elfc <Lu*^l .well-defined 

Factorial Function («jjj.;&Jt Alb 

^yk-o. inclusive ^L:^ J! 1 *>* Vrj^' i>«-i>w^l ^Ijlp^/I Vj-^ J-^^ 
61 t^i f«! 4j oiUj "m factorial" « 
n! = 1 • 2 • 3 (rt-2)(n- l)n 
.0! = 1, <4JLJI ^ A»«jt»«^l Jjbfr^l ^tt*^ '^I'JJl OjS^ ,y»- 

0! = 1, l!=l. 2! = 2-l=2. 3! = 3-21=6 
4! =4 -3 -2 - 1=24, 5! = 5 • 4 • 3 • 2 • 1 = 120 

5! = 5 . 41 = 5. 24= 120 j 4! =4 • 3! =4 • 6 = 24 

n\=n.(n- 1)! 

(v-j j^yjxjt XJb) 2.1 »-Ai 

.«! = 1 ois « = 0 c-Jir lij (a) 
./i! =«.(«- 1)! oii«>0cJl5' lil (6) 



:JU- i I ^_yJLP .(«-!)! ^JL»«X— jj 
.(a^LoI j^b 0 01 (^0 'I = 0 JLXP *s>'\j>^ oUvcA n! Xft^ . 1 

.well-defined UST-^p Uj.yti* is i^jj^^W i31i j^^* tiiijLjj 
Fibonacci Sequence ^^JtJUj-J iwlss^ 

0, 1, 1,2, 3, 5. 8, 13,21,34, 55, ... 
.J jjJiiLJl ^j*.JbJI y» Jli- Jb- J5'3 F, = I = 0 ji 

Ua SjuIzuJJ j-jyt jj.JL>Jls JliJl 
55 + 89 = 144 J 34 + 55 = 89 

F„=«u^A7=l jl « = 0 Oils' lil (a) 

JULP 4_-Jj ^1 ,->- i-aj.yuli _;;i-T Jlia Ijlfcj 

JU- 4j I ,^_yipj -Fn.ij F„.2 JU.<::^.»i 
.Ij 0 i^L-'-JI .1 

.well-defined U5o»o l^^' ^syu aJIjJI oJl^ ^UUj 
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Ackermann Function OU[^f ^1^5 

IJbJir 431jJI ci* .-ij^j .0, 1,2, ... iJLJI 
(JU^fiJii) 2.3 wflJ^ 

= 1 0^3 w = 0 cJlS' lil (a) 
= ^(w- 1,1) « = 0 ^^/K9£0cJl5' lil 
,A{m, ri) = A(m - 1, A{m, « - 1)) o^i « ^ 0 «m 0 oils' li) (c) 

(0.0). (0,1), (0,2), (0,3),...,(0.«). ... 

Algorithms and Functions JljJJI^ uLujjI^l 

/ijljj /(x) output ^jUJI iU^."if 'ii*** 43L*« JsJ lA5^!>t« 
O^. oi ^LsJI .(|«-iiJl 4« iftilS 6j^' 01 jj^, ^) inputx J^s-ljJI 

.ijyi AhA>% Ur ./(JC) JLp J^j^a>Jj ii.> JUa 

. Ujup /(a) ^l>«j.) ^-^jILaJI ift-jA3t x = a jScJj 

Example 2.1 (Polynomial Evaluation) Suppose, for a given polynomi- 
al /(jc) and value ;c = a, we want to find /(a), say 

f(x) = 2x^-7x^ + 4x- 15 and a = 5 
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x = 5 4-».i3tL o^y^ 4JUJt el^ ^ :Direct Method o jJt>Ljl A^jjUt (a) 

y(5) = 2(125) - 7(25) + 4(5) -15 = 250 - 175 + 20 - 15 = 80 
-^^^ Cj\Aas- 3 iJLpj Vj-^ oULa* 3+2+1=6 ^Jlp ^yr3 ^as>~'% 

iJL*- d^L« « i^^JJJl ^>o ijJb- iftJi tw^Ua-lJ. i«U3l iCJUJI 

n + (n-l)+-- + l = ' 
.iLyb* ^k^l oLJU^ ^ n jjipj t_.)^^<,a]l CjLjU.fr ^ 
J-»U X Jii-l ijJbJI ilsT JL* :Horner's Method ^jjA iij ^ (6) 

fix) = (2;c^ - 7;c + 4)x - 15 = ((2x - 7)a: + 4)x - 15 

= ((3)5 + 4)5 - 15 = (19)5 - 15 = 95 - 15 = 80 
i^-j ■)t>v.i ^y^3 oUUx- 3 J oU U . fr 3 iJLP^ -^.^j Ja»-^L^ 

tyJJx"^. 1-9^ J^J^ '^..^ '^J*^ ^ 0^ -ij I S 

« multiplications and n additions 
j-^ oUUp n J ^1^^ oUU^ n 
o^UaJ! jjo Of- US' '^.jJ' 

^>j.iJLp 6j fl jSJ (GCD) 4J ({|Ja^*rfl ii jiJUJi 2.2 Jli^ 

j»^UJI d=GCD(a,b) iUo.l vj^^* -'"^ ^ < Cr-^^ 

Example 2.2 (Greatest Common Divisor) Let a and b be positive inte- 
gers with, say. b<a\ and suppose we want to find d = GCD{a,b), the great- 
est common divisor of a and b. This can be done in the following two 
ways: 



a iJLjJl jv— IjS J— ^ : Direct Method S^Lji A^ejlaJt (a) 

p_f .6 jJljJI j^ljS ^--AJT •iJJiS'j *fl/2 j^,— 2 jLxs-L 
a = 258 .jyi JliJI ^ US' Jljs^l ^UJ* jlsiJ 

I^yb a j»— 1 *b = 60j 

a = 258; divisors: 1 . 2. 3, 6, 86. 129. 258 

b = 60: divisors: 1. 2. 3, 4, 5. 6, 10, 12, 15. 20. 30. 60 

,d= GCD(258, 60) = 6 o^. dUiij 

J— b a {Euclidean Algorithm ^-MS) A-Ajjt jpS- (^) 

dJLjJI ^Ul jJU- J^.fl9«ij r2 jujj .r2< n ol -fe>-^j 

a>6>ri>r2>'''3 — 
.r„., = GCD(o,6) Oj-Ci .r„ = 0 ^ >-T ^ J-^ <Jj-i 

.A = 60j a = 258 X>'\^ #:iljui 

.r, = 18 JiUI 6 = 60 JLp a = 258 a (1) 

.r2 = 6 J>U1 OjSLi r, = 18 ^ i> = 60 j»-JB (2) 
.rj = 0 JiUl OjSLi r2 = 6 ri = 18 ii (3) 

.r2 = 6 = GCD(258, 60) jji^^^l J >lJI p-,UJI ^ OjS:?. ^iij 
^ ^7 ^JL^ .L« 4^jJUo aAX> A£h a Coir 1^1 2.1 %3 aJLm,a 

.(^i ^\ juU7 j5:j (c) 

- 37 - 



Solved Problem 2.1 Let A be the set of students in a school. Determine 
which of the following assignments defines a function on A. 

{a) To each student assign his age. 

Q>) To each student assign his teacher. 

(c) To each student assign his sex. 

{d) To each student assign his spouse. 

J bi . Jus- J ^ 
.Jui» JL?-lj 4J JlaJj JS' L)*i! iJb Jsaj (a) 

.ilb Ja-j- (c) 

.dUi Ijl* U-i 53b Jiwj ji^- (S\ 1^1 *5Jb J5aj "i/ (of) 

^AijMMh: C-> £)j S-> C . f : A B JljjJI 2.2 

.onto 4^j9 531^ S3b J5' cJlS* bl Lo .2-1 Jiw. 

Solved Problem 2.2 Let the functions f: A ^ B, g\ B C. and h: C-^ D 
be defined by Figure 2- 1 . Determine if each function is onto. 



A f B g c h D 




2-1 ^ 



.A j-^Up ^Sf 5jj*,o c. .-J 3 e 5 0^ 5-j^ Ca^J f: A-¥ B 53IjJI 

.C ^\ j.,a:jiojj^ ^ D ^^aiP 0*5/ 5Jj* 53b A: C-»D 531 jJ I 
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Logic and Propositional Calculus 
SdMLiV) adMuai mulmii ✓ 

uf^l Jjla^Ti bl^f ✓ 

uUiSuiiii (i4J<aii uUiiAii) :2uA]Aai uUiMaii ✓ 

2^jSJ\ aduUjj ^dib^l ^jUIll ✓ 

(ap->iai buuit) aj>j>£uf jijoit ✓ 
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Propositions and Compound Propositions 

ljlj-rf> OjSo o\ jSCftj ''ii,ji>' A^Asr statement or proposition iusiiiJI jl ^,yisJI 
:SJbJi ,_5jUiJl Ja^I ^ ^;-s*J .llo ^ ^jS3 false Uai- true 

.9 < 6 (v) . Uj> ^J (i) 

.jc^ = 4 SJ^UaJJ Jfl- ^ ;c = 2 (vi) .1 + 1=2 (ii) 

^u-jhli c^i J i (vii) .2 + 2 = 3 (iii) 

!dA-j^lj Ja^I (viii) .iJ jUiljJI OJuJ (iv) 

^Ui- ^ (vi)^ «(ii) «(i) fciUi ^ j5^\ .(viii)j (vii) ijL*^ U . jj^Ur L^*-*^ 

.Uai- (v) *(iv) *(iii) Ujlo 

Compound Propositions jij^' 

,>-^ <JjS^ l^-il composite jA OjSj "ijir^ jiJ^-^ 

.1-09-':)/ C>S>^sx^ ^\ <aJb>g«AJi iaj^l olj^l (jiuuj subpropositions 

Jli .compound propositions 1^ ji> l^^* j ^^^^ ••^J^ 

lij «Ja-uI jjjUi ^\ AsSj^ij ,3Sl»j jj lij primitive h^.«t jf ^Jjf 4il 

.composite jJ 



LaUj iJL_>«y <A-5 ol ^yfc i-^yJl ^^UxJU IL-iL-S/t JLwsUJI 



Basic Logical Operations ^LuiLnVf uUUaI) 

G) < * t^'^t <^L»t 4.,^2h;a oLJLft.P section JuJi IJift 



Propositions and Compound Propositions 

OjSor ji jS^. 4j,^ 'a3u^ statement or proposition a^;^\ j\ 
ISJldi ^UjJI Ja*JI jiSju .Cut ^j-jJ-^l ^ jS3 false tk;- trae 

.9 < 6 (v) , Ui^ (1) 

.jc^ = 4 4J:»Uai ^ ^x = 2 (vi) .1 + 1=2 (ii) 

?«-<jbli cxil ^jj.i J I (vii) .2 + 2 = 3 (iii) 

liULsrlj Ja*.| (viii) .JjUiljJl ^ ujlJ (iv) 

(v) <(iv) i(iii) Ujlu iusU^ 

Compound Propositions l^j^S jjjtisll 

4_-kPy ^«>L-5i' U-*' composite j» Oj-So S^^^Jl^ ^_)L-5i" 

. LJb-*^ l^-;^ iliJL»«£U« <ab9«AJI Jaj^t oljdl subpropositions 
JlL ^^ycJI .compound propositions j» l^Ui t^**^ jij^t oJla j£« 
b| (^t (Ja^i jijcs^ ^\ 4s5j9«r jSU* ^ 1^1 primitive 4:1 

.composite ^ jJ 



1_1W :>JL->J l^J yJiyJiS of ijM»UJl 



Basic Logical Operations l&^LyVl 2u2kuUi uUUaII 

CO A.j\t\» oLJUp- section jlJI tJi* 
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J^\s ^ytJIj negation (,j-J) ^yiJb disjunction (jl) J-,«ai3l < conjunction 
."not" /'or" ."and" oUJSJI Ai^l^^' ^* ^^ V^*-r^' (J^ 

Conjunction /> a ^ P uaIoaJI 

yt^^i^ yy^ t^jtAjHS jj^yfaJl conjunction tJ^kw 

9 J p i^J 

.tL»- p A^ ojS^. Ijlp 

p lij" 0j.,2X>^ <iL> ^ JjJ^l l-i* t5» "^^^^ >-^' 

p L>L^ lil" <ji Jj-i jk«Jt p Uii ^'i^ 

Ja-if 2uujt ij^-j Ja>'^ JiSufcj ."lL»- p A ^ J^i Ua»- ^ j ijlj.^ 
p A ^ Ot Ji_»-^ -9 JP Pj T ILiCt^l oL-fjJ Xioj^l 

. q J P J* *^J^ wJLiP Ja2» 



(a) "p and 9" 

g 3P 



(b)"p org" 

3-1 js;:^ 



/> 


9 


pAg 


P 


9 


pVg 


P 




T 


T 


T 


T 


T 


T 


T 


F 


T 


F 


F 


T 


F 


T 


F 


T 


F 


T 


F 


F 


T 


T 






F 


F 


F 


F 


F 


F 







(c)"notp" 
P^ 
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Disjunction v ^ P v <y J /rfl^ 

-r* J-i-J^' (jK^^ O 0 Uco Lft-^Jajj fj^J^ (Ji.ji.j^' <S ^ 

j^^L; 43 jAji^ ^^jfA^H\ j^.^.yiiJI disjunction J-,^ 
p 

Ijl-p L-A-ij Lla:i- Oj— Sy. p ^ q 0^ tUi- q^ p ^ olS* lij 3.2 j«j 
.3-1(6) J_Sli j_yJ JjJl^I Cai? ,^^lwu /? V<7 ^.^ySxU cjIj^I 

<7 J /? 



^ \ — iUs-l .^2^;sxib^ ^j*pli^^^ ^JL>«x*-j' oiU- "or" ajjJUo^I iftJiS^l 
_:>-lj (^JL.»«j, .1^ Jj R 3^ P (j*^*-^. ^"A>»^i<-«J ^^^^Ij •(3^^-^^ 



Negation —p j^^^ 

«ji /? J-J "... tjj-^. iji UaiJI ^y" jl "... a3UJI J i^i" ibs;^ 
j-o^L /? j^LJ jaJ^ p (not) "j_^" ifti^ J^-^k ii) 
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Disjunction p v ^ P v <7 J na^ S 

j^^L aJ j-JLm»^I disjunction J-^afl 

P 

.3-l(^>) J_S:i JjJL^t j-o lUif p yjb^ 

~~~ -^ik^ ~~ 

^ ...Y LjL^I .^3-siJbi*« JiJMjJaj pa»>a-J oaU "or" lyyA»Sj\ iJSJI 

^ \^ CliJLj>.i JJ>*5fl ,^_Jj> ^JJI Jlp-l 1^1 tails' jtt ^ p 

JL^l^ i^j-M cr— a^J 9 P (^^^**^ ^-ii«a«J IjL4»-Ij .i3iLJl 
Negation —p —p ^^ftJ* 

dUij p ^ >.T jijSj Jij^ ,^^„ tp yJiS vlJaP-i lij 

P J--5 "... oi UaiJl ^" "... aJUJI Sjbs; 

j^^Li ,yLj yjL3 p (not) ",_pJ" aaJI^ JU-^^ i^l 
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p J ^ JU»jau' (-1/7) J .(notp) "/7 iy&j 

: JUi ^ 
ojj *iLJJJ .3.1(c) JjJL»JI 49w>^ jjyfciU ^ 

ui^t Jjia^rj uUiSii 

Propositions and Truth Tables 

A .Slaifl Cj\ jJcjt ^ UjSLo l^;:^^^' P(p, g, ...) ,jSlJ 
Lh^ /\ TRUE (T) vb-^ -j^^' A ^. 

-. *v .A J. J\ olj:>l ^ LJai- FALSE (F) 

Ia-J bk^i (_5j'L- tSj^^ J*L) Oljilj 
.4*-^ P(p,q, ...) .,**«cJI 

OI /'(p. <7, ...) 4,..,nSi1 4^L»Sll A^UJt 

(ji (5l fp, ... ol ^^ CuJlI 1^1^^ I ^ .U.vaY t^lj^l 

J-^ »_jlj_%<aJl ift-S «-9y»i' LoJLiP P(p, 9, ...) 4'../iali 

O^^Sjr 4-3%Jl oJub 5^. ,.,riLv;fi«All aL.^JI 4iL^lj . p, ^, ... l^j'I^^Jtxa 

JjJL^ A-,.i.?r 3-2(a) J-S^ .-1 ( p A— I <7) *a ./^^ 

jj^ji-faa 4_JU- .ol^wtoftJI 0J14J Fj T j4 4;5UA)t ^lydi ^ti^ 
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-? 


p S^q 


-ipS^q) 


P 




-ip f^-^q) 
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(a) (6) 



3-2 js;ft 

IjUJm .iuikLftJI Jajtj^l 4.a..>| v-JJ! i^ljSSlI ^JLP l^^j ^^Uu) 

. V 1^ A pj '"Jji -I 

-^(p/^q) (-./?) A -, /7 A <7 

uUaiimij (lUiaJI uUl^l) ^uStaOtl uU^atl 

Tautologies and Contradictions 

Ui.*!^^ CLsb Cij^ ^t^^ pjW^ aa^I 

.tautologies ^ jiala;* oLl^^^.^ — " ^i./iM oJub .p, ... iL.ahuli l^'I^^JcutJ 
o^js»-l bj contradictions oUiSUi" P(p, q, ...) IjU^I Ji*J^j 

^ (pv -,p) '^hAS .p,qy ... \^\jJc:aJ v'j-^ cS^ Si^.^U 



^ CiH iJS j-uL^ vlj^l Jjlo^r) .3-3 JSLi J 

. (Ja4» J^lj jij»SJ» {jy^ '^t^ 







pvp P 


-'P 




T 


F 


T T 


F 
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T F 


T 


F 



(a) /» V -ip (*) A 

3-3 js;ib 

^ Ciifj .U»i- llib 4j^J ^Li' ^ j^sk^JI ol Jaa-:^ 

P(p, g, ...) ulS" l^i Principle of Substitution (jSsijAsIt tjU« 3.1 hj^ 

.^i,i'2, ... 

Logical Equivalence ^j^^*^* J^iSolt 

ji I jL_xsilSoLo UftJ JLJL. eO, ^, ...) t P(p, q, ...) jL%^,5il 

dUjJ 6UjijL«x« 

P(p,(7....)sG(/7,i7....) 
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p 




p t\q 




P 




-^P 


-^9 


-p V- 
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{a)-(pA?) (6) ^pV? 

3-4 JSi^ 

Oj^. .3-4(6) JSl^j V -.<7) ^.yttU Jj-X^r 

4../iSU C^^wj oljJcwJl ^1 3-4(a) JjJ^Jl oJU^l ^ Ja^^L 

.^l^^^l J3JL>- jij^ o.*Ji.-i«:w>i c^^^t oJU^^II .4JikuJl 

Algebra of Propositions LiUa2ll ^ 
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LLjaiJi ^ jJt j5 3-1 Jj-^^r 



(la) 


p\/p = p 


Idempotent laws (^J-* jJ* J^^J^) 
(lA) pAp = p 


(2«) 


{pVq)VrspV{q'^r) 


AsMtdatlvc Uws (^Oll ^tjS) 

(2A) {pAq)Ar = pA{qAr) 


(3fl) 




Commiitstlve lawi ■ i^^U 

(3&) pAq = qAp 


(4<i) 


/> V (9 A r) s (p V 4) A (/> V r) 


DlrtraHid«I.w. (^.jjdljJtjS) 

(46) p A (f V r) = (p A f ) V (/> A r) 


(Sd) 
<«fl) 


pVTsT 


IMlytews (j,lkJljJ»jS) 

(66) pAFsF 


(7a) 
(8a) 


;> V-^p s T 
-T = F 


Complement laws (^UJl jS) 

(76) p A -1 p s F 
(86) = T 


(9) 


-.-.psp 


Iflvohitioa law (iJUJVl ii 


(lOa) 


-•0» V^) s-tpA-iq 


DcMoiSMi*a laws (OUrjj* A Ja« jJ) 

(106) -.(pA*) = -^/»v-.ff 



^i^jmlS iduUjJ liddbjiMil ^ji2llt 
Conditional and Biconditional Statements 

V^i ><LHL3 oUljJb—l ji y.J^ i/*^ jiJ^' '"i* 

lJu .'V iil liip" J5^* -J >^ 

4J iJ,^| j^Ll l^jiyij j^fc-j. 

p<-><7 
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p Jj*il uL^ bi ia-Jii L^U- oj <. p ^ 9 f Ijb— -ill (a) 

^ U4J qrj p L^JLiP ijl^ P ^ ^j^^ (^) 



/» 


1 




P 




^♦♦9 
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(a) 9 (b) 9 

3-5 

JjIXjt 01 Ja_9^^. .3-6 J_SCi ^^^Ja^. -ip ^yfcJJ JjJL>- 

of (^f -ip llskL* ^ISo p-*q ^IsJlj^ <4£jU)l 4)UJI ^ JaiS 
P-><? ^-^P'^q 



3-6 JS^ib 



i^rft'" Ji-r*^* llikvo j^l^ 0^ p 01^ lij" Jsj^UJI •J^J'iJ 
O* "j^ 0*^ J jO 'V Jajtj^l ^ iiui t^jJIj "<7 jl p 

.I^J^ jUdS*-^ P-^-^ t^i 0^- •^•J^*^^* 
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Arguments 

,..Y /»2, /^n UUaiJi ^>^ oUajuo AiS ^ jLxS'tj' i>^l 

4»«»JI oJjb .conclusion ^y^' Q kS^^ ^premises 0>^jd 

''p''2 ^nHG 

g cJlS' lil l^il JU P\,P^y ...yPr\- Q 13,4 

fi, P2*-">Pn premises ^j^l ^^aj?- OjSo Isjjtf- 

- ij^'jj iiliiii 

A-y^flM CjLr iaJiij «bl 4^T C\j^ OjSJT P,, P2. V».UiSJl 

P,. ^2 ^nl-e^^^t**^^-^ .U'I^PiAT'zA ... a/>„ 

IS) «l4*>^ Pi A 7*2 A ... aP„ OjSJ UJLLP Q ol^ ^lil iaiiij 

: (P, A /*2 A ... A -> 5 

ia5jj P2, Pu\-Q 4>»xl* :3.3 

.tautology llslai* (/»| A P2 A ... A /»n) ~> S 

(Sb^iiat buisii) ajt^j^i jijait 

Prepositional Functions, Quantifiers 

4__Uj>JI jt) propositional function *jjfycJI * JljJl .5LJa«j» iuti i4 j-ScJ 
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J-^- cr* ixiJlj uA.^- jUai 

is\ .p(x) J Truth Set l-jI^^I apjaj*^ j^*— i' Cl,^ 

= {x: X e i4. p{x) is true} or =: [x: pix) ] 

J_Sli ^J-^ OjS^ PW J»yiJt ui* oIjlpI A59 ojSo' Ujllp -gI ^LiJI 

.X ^;Jcuii (Sy^' <i^X^ jl aI^Uj 

Universal Quantifier Jj^-Sjl 

Vxp(x) (Vx€.4)p(x) (3.1) 

tx ^,./t>>i" jUa:::i-U "^Ij-^ /7(x) ^.yiJi oii ti4 iiiJI x I JLj 

"for all", "ti*^" "2-.^" j)l "J-S^" t^jJl V>o_^l ."p(x) 

universal Jj_A-iJI jj— . j. ^^Jp "for every" jl "for any" 

j;Ja:^\ f^^. (3.1) .quantifier 
rp={x:xeA,p(x)} = A (3.2) 

./4 itiJI ^ /7(x) J v^l^vaJI <i9 ji ^s\ 
iftJi ^^UJ\jj l^jXia iL*^ jl A^-jSi^ aJUj*- Ai'lJlj /?(x) ji....<ivil 

4^Ji (V j^^lj '^.^i'^ p(^) < Vx/7(x) .^iwA^JI 

Jb.JLs^U5 .(3.2)j (3.1) ^ >l5cJI 

Vxp(x) jU /I = {x:x e A,p{x)) iiiJI cJlT IS) :g, 

Q\: If {x: X e A,p{x)} = A, then Vx p{x) is true. 

.Qai- Vxp(x) 43UJI eJub ^ 



Existential Quantifler ^yrj^^ jj-^ 

_,**jcdl ,A iiiJI JLp A^jfji hji^ 0^ 
3jrpW J I {3x^A)p{x) (3.3) 

•^L_S^4. (3.3) ^.ytJl .existential quantifier ijsrjH ^y^, "JsVi 

7;={x:jre/\,p(^)}^0 (3.4) 
lJbJL»u .i-jt^^ Jj*J^ <^ ^-^^t^. pC-"^) t3xp(x) 

c.^, X J^ji" jH'.jiJ' ^ {jc; p(x)} iAill cJir bi 

.^ji*^ "p(x) 

If {J^: P(x)] ^ 0, then 3jc p(x) is true; 

Negation of Quantified Statements 

j_a oL_--si»L».j3l i^^iU* J-^) "All math majors are male" ^.yiJi 

j_jJIp Jlj»-jj." UbJdlSo j "It is not the case that all math majors are male" 
"There exists at least one math major "cl»U)fl ^ oL^Lj Jb»-lj i^U» jsVl 
cjL*-;»Ij^1 t-j^)LJ» ixiJ Ij^j A/ ii-l ^ jj^^l ^Ij^^x—Uj who is female" 
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-i(Vj: € Af)(jc is male) = {3x e M){x is not male) 

O^s X" J yj p(x) cJ^ lil ji 
-.Vjc p{x) = 3x -.p(x) J I -.(Va: e A/)/?(a:) = (3jc e M)-np(x) 

Vjf s 4)p(jc) s (3 ;r e i4)-Tp( ) : (DeMorgan) 3.4 h Jaj 
J^ji-" j->Jci\ £^LS;. i-i-^UJt oii e /I" ^ 

. "a»,-s^ ^ pW J*>«i' x^A 

.lla»' p(a) ji cl>ii»*» a e A y^iiS' '2 

1 . It is not true that, for all a ^ A, pia) is true. 

2. There exists an a € ^ such that p(ja) is false. 

-i(3jc e i4)p(j«:) s (Vx 6 /l)-n/7(jc) : (DeMorgan) 3.5 h 

: jlalSooo jj^JUl ^jjJLA\ oI (^I 

, LI p(ja) t.2.^>»> a e jd^ip jj. *jl LI ^JM^ . 1 
. Iki- p{d) a G ^ JSU .2 

1 . It is not true that, for some e /I, is true. 

2. for all a e A,p{d) is false. 

Prepositional Functions With More Than One Variable 

(5 Jv»» ^J Jll iJjJ) A=AixA2^ ...xA„ 
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p(Xy,x^, .... 

(n-tUple) i^'jA fjJy LU^- jl Oj^ pia^ Cl2> -yCtn) o\ iwMsU- 

*jtrJ»SM J-S3 j,^-^ Sj^^l 4ji^^( 4)iJL)t IBasic Principle fjL^ 

Sx'^y^z p(x,y^z) jf Vjc3>' p(jc,>') 

Negating Quantified Statements ^ith More Than One Variable 

V ^1 Jj^. 3 JS-j 3 J^. V jr r^bsJl JLp 3.5j 3.4 oL> 
^^LtAi .jj**Jt jjl jL-Jl ^ jiyiJl j-*^ -« JUtil ^ 

-n[ Vjc33'3z, jc. z)] = 3;c-n[3>'3z, p(jc. y.z)]^ 3;rV>r[^z, 3', z)] 
= 3j:Vy Vz, Jr, y. z) 

Mathematical Induction ^ililiw^l 

N={1,2, 3,...} 

Principle of Mathematical Induction I I ^^UjJi ^bas-^'ifl fj,^ 

^(«) 01 (^I jN i-Jr^l 4>.*>.-^l iljLpSli isi iiyco P ^jScJ 
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P{\) (i) 

.Clj-^ P{ri) OjSo. U-Up v'j-^ ^(''"*' OOO 

(i) P(l) is true. 

(ii) P(jn + 1) is true whenever P(n) is true. 

iJiP J53 Po^ Jlsjuu^ 
uL-**-^/! jjo jjtS' ,y ojSli' ^bcis-.'i/l ijL*J JLi^y 

Principle of Mathematical Induction II II 

lof N 4{^jAJt ^^Nj-H-ii^U dljpStl 4U Aiyco 4:w„a9 jSL} 

.ol^ Pd) (!) 

. 1< /: < « P(k) j^. UjLiP (•') 

(i) is true. 

(ii) P(n) is true whenever P{k) is true for all 1 < A < «. 

j-*^' ot Si 61 J-iy oLs-'^l ^ TRemark 
{a,a+ l,a + 2, ...) 

.jjJLLJl ^JL;» 

Solved Problem 3.1 Determine the truth value of each of the following 
statements: 

(a) 4 + 2 = 5 and 6 + 3 = 9 (c) 4 + 5 = 9 and 1 + 2 = 4 
ib) 3 + 2 = 5 and 6 + 1 = 7 3 + 2 = 5 and 4 + 7 = 1 1 
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(<0 (c) .^1^^ (A) ^Uai- (a) :JbJlo 

0 

.4aJ» t^Jlji bjL j»JI ol^ lij (fl) 
o-iijl A-srlciVl o:>l3 bl (6) 

Solved Problem 3.2 Rewrite the following statements without using the 
conditional: 

(a) If it is cold, he wears a hat. 

(_b) If productivity increases, then wages rise. 

,,yikj» vlj-d p \/ -i ip /\ q) o\ Jjis- 3.3 5J_jA»<t* aJL^ 

Solved Problem 3.3 Verify that the proposition p v a q) is tautology. 

L-*j .3-7 j5Ci IS p\/-t(pAq) v-»lj-^l J^JL:?- Oj^ ^J*J' 

•jl* <7J P 0* ^eAJjJ T pv~>(pAq) Zm^ ol 



p 


<I 


pAq 


-(pAq) 
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F 


T 


T 



3-7 
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Counting 

lull gjifi ✓ 
ui>ai >j ✓ 

Jj^boll ✓ 
jd^filll ✓ 
jiU^I > iJU4 ✓ 

Basic Counting Principles ^LufUiVl dalf ^JU4 

Jji.^L^I 4^ljj J-A>^j ^combinatorial analysis ,_^-SJl^l J_^1>.yU 
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d\ E J J*. C)\ ^jifjLS :sum Rule Principle £^ 5^1* Ia-^ 

H F *E j-o JbJI Olj JjJJl ^y « 3JI10 cl»JL»^. jl 

.«! +/i2 + n3 + ... U^Jip 4jjJi»- jSUj IJL9-lj OJi <cJj)l ^jJi ^ 
jSj^_ E L> Jb- d\ : Product Rule Principle <—» j-JaJ^ 5UpL5 Ja-^ 

ll^A^j ./w« >fc Fj £ L^jJi»- J^-H (^J' combinations aJ*^ 

^-fj*^ 6^ I3 UdJiP ijij^u i^-i^ Ej CiJ>9^ tni IajJLp 

.Wi . /I2 • /ta . ... UdJLP' jj^-i^J' V^-r^^^ U^J-J^ 6^ vi*lJb-Sll 

5jj— .ojj .oUill ^iijai l Aftvm> JjIjUaJI J*.jLftJ J-i«j JL»-ji 
:6i^>f i*iJ^ J-UJ of 

jM^iia jisa B tA cjIS' t3j I Sum Rule Principle ^^^«j>»JI oJpU IjLj* .1 

Js^L-*- /4 X IProductRule Principle oJlpU Ijl* .2 

n(i4xfi) = «(A)fi(B) 
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Factorial Notation Ufjial\ jAj 

jj«JL_> 4) ^jjf "^Li n J\ 1 ^ Vr^t S»m*>»^l ^IjlpMI J-^^ 

I (/7 factorial "n yjjM^a" tji.) «! 
n!=l-2-3 ■■ (/i-2)(n-l)/i 

n\ iJyu, 

1! = 1 J /i! = /i(«-l)! 

.0! = I wjLyu JLuUJt 

Binomial Coefficients i>i*^^ u^UU« 



»(n-l)(n-2)..>(;i-r-H) 
i^J 1.2.3...(r-I)r 

n(n-l)(n-2)-(»-r+l) ^ ;i! 

1-2-3- -(r-iy r!(n-r)! 

lijyi ol^l o^jUI U,jJ jjSL* Ai-(«-/-) = r ^ 
a + b = n lij 5jL*tJ 



Binomial Coefficients and Pascal's Triangle 



01 OUI .(0 + 6)" jlJLiJI 



(«+t)0 = 1 

(o + 6)« - c + b 
(a + 6)« = «« + 2«fc + h* 
(« + 6)« = a« + Sa'b + Sah* + 6» 
(a + h)* - •« + 4aH + 6a4s + 4a»i + ft« 
(a + »}• = a" + Ba*h + 10a>»* + 10a*6« + tab* + 6> 
(a + ()• B a* + te^i + ISaH* + 20a*M + lBa«64 + 6aM + »• 

1 \, 
1 1 
12 1 
13 8 1 
1 4 6 4 1 

1 \ 55}* ^ ^ 

I 6 @@) 16 6 1 

4-1 

J_SLiJl f.Uii i>^. (a-^b) J iJbaJl ^^^Ji o:iLQU« 

.4-1 JSLiJI J JlSlJ ^iJbu ^\J^^\ ^ 

,1 ^ c^A^ ^ iJL*ilj Jj^l iJjJt (i) 

~ 60 - 



,15 = 5 + 10 ,10 = 6 + 4 .^^Ul syiLo jl^. 

.20= 10+ 10 

riJbll i (ii) i--^UJI J-a>«J 

Permutations J^^UX)! 

^L^Sfl aO^J ^.JLo' ^ft i...>. v-^jj ^ ^L^^fl n 4£iJ (i^^ 

.l*jo oi^U iuj^l (-ij^^aJJ J^.^W^' tiicfta tbdca (i) 

L*jo 3 Lji* ij>-l9 <»ijbU JjiLi' hca tcbd tadb tbad (ii) 

jj-i L_aca 2 V4JL0 jij9>lo Ji-*^ tf* * cbtad (iii) 

J^^l JL»-L 4I J^jj JS* r l^ijo jj»>ls /I U^JLjc- ^Li\( Jj^LsJl iJlP 

Derivation of the Formula for ^) P(if,r) Jj^ljaiJ 4*--,^ ^laawl 
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.JijJalij--. («-2) jJUi^juJliJl j-^l jLsi^lillJiyscij 

^ J.^^i .ji*JJ ^L«*^l iJu^l j»lju>«i-.L li^j .«-(/-- l) = n-/'+ 1 
P{n.r) = n{n-\){n-2y-{n-r + \) 

„(„_,)(^_2)...(.-r+i)=^("-0("-2)-'("-^+l)(^-^)l 

(«-r)! 

n! 
(n-r)! 

(n - r)\ ^ 

oiji-lo rt J Jj.iUJl /i! iJLp JL>-^. 14.3 ^^ctr' 

oJljb ,c *b iO 'L^^\ uijj^JJ Jj.iM^l 3! = 1.2. 3 = 6 I ^Lui 

.c6fl tcab tbca tbac *acb tabc l^^t* JjiLJI 

Permutations with Repetitions 

#.L*iSll its t^l f multiset SiJbcw ixiJ Jj,iL:JI iJip Jtiyu t-JLi U iijU 

^ ^J^J 1^1 imY« Ifrya w 

P(n;/i,,/i2,...,n^) 
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Combinations ^IjIUI 

n )t eJL^ ) combination j-JjJI .^LmS*'*^! ^ n LjbJJ oi 

d tc ib ta iJij^pJI .^^luJt /* {Sy>^ ^ cS^ 

'-r* t5* ^''^^ ^ 

abc^ abd, acdy bed jUasi-l* jt I<i,£>,c}, (aA'/}, 

flfec, ac6, Z><2c, bca, cab, cba 

. {a, b, c} ip yiL>mjAi ytj 

oUJl Akt;^\ ^JL»mM«S i-j^ • C'r <^n,r 3>*^l ^J»ml^ ^jflij ) . <i:3 i ^jOJu 

.J., UJ C(w,r) 

Formula for C(/f, r) C(/f, /•) J Ojilfl 

r) = r!C(«, r) 
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C(«.r) = -^ = -r 14.5 hjoi 

The Pigeonhole Principle >U^I ^ iiAf4 

fpigeonholes ^La^I uLii-1 /i c- JJLi 131 ;^U^1 ^ ijLfi* 

0^ JJ*3/1 ^j^fi- pigeons pL«JI ^ j^—^i jl 1) jjUj 

.pigeon ioUji- JjiJSyo jb-lj pigeonhole 

JU-Up *lSls— ,1 13 iJLP 4j i^L-5^1 Jb-1 61 ^yii : ^SlSAi .*:tj.jJi*Jl ^^^SCa^ 
.pigeonholes ^^^-iJl ^j-ii jJI^ pigeons sJjL-Sll oIjjI j,^. 

Generalized Pigeonhole Principle ^U^l ^ f«U« |»««^ 

JlS\ 1 iJLjy n pigeonholes j»LAj>JI oLjls-I « jA-i lil 

J-S'ill ,_jJp JLa-lj j2r^ V"-^^ ^e*^ ^ pigeons ^U»iJl 
.pigeons oUU^l y» j\ k + \ iJju Jj«JLa 

The Inclusion-Exclusion Principle giiU)- J^ImJI ijutl 

vj = ii(i4) + n{B) - n{A o B) 
Li^ {AkjB) ^U^-'il ^LkJ n(AuB) ^JjJi '(^^"^ 
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(n(A ri B) jjLjJI ^a^JI J-,<?U- ^ n{B)^ n(A) ji.iJjJl 

.oUa 3 iJU- jjiUJI .oliiJI y» jjlp ^^^w 

n( A 5 u C) = «( A) + + «(C) 

-n{i4 n B) - /i(i4 n C) - «(5 n C) + n(i4 n B o C) 

Ordered and Unordered Partitions 

[{1,2}, (3,4.5), {6,7}] J [{6,7}. {3,4.5}, {1,2}] 
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(5] 

viUJlij 4^;^A>Jl 0U-51j jlijS' -Lsrjl" iL^l -Sj^i 0^:i^ 

^^i -^3 -isJlsJI SJLiJI 



7-6 5 4 3 2 1 
' l-2'l-2-3 1-2 



= 210 



r^Y^Y^l 71 5! 2! 71 
2A3A2J ^'-^'^^ 



«i, /I2, .... /Jr cJL^j ^LjjJI « |_j_U A iiiil Oj:is-l lit :4.7 5jjlai 
« = /J| + «2 + • • • + 
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j-^Ia^. oL-^^i i^jL-,. *^ j^i^ij ,pi5ji 

Solved Problem 4.1 Suppose a license plate contains two letters followed 
by three digits with the first digit not zero. How many different license 
plates can be printed? 

oU-^ iJLP- 61 (^l i'iJi^J»*Ji Jljl» 10 43 jjJUl JsjaV' «>• -l^b uJ^J 
26-26-9- 10- 10 = 608,400 

^"BENZENE" iJi^ <^3j>- 
Solved Problem 4.2 How many seven-letter permutations can be formed 
using the letters of the word "BENZENE"? 

oUJi53i iJiP 4.4 ijil .(N ci^) O^U:u 2 

/'(7;3;2) = ^ = 2:i:l:±^ = 420 
^ ' 3!2! 3-21-21 



^ LIjU* 12 iJL-P L^-j Ij>J w JjUl iJiP JLrj^ 4.3 jb^iJLm 

Solved Problem 4.3 Find the number of m ways that 12 students can be 
partitioned into three teams, A,, A^, and A3, so that each team contains 



four students. 



3 j\^HliiJ> 
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le-i j^cJl i3>JI i-lP uf t^i .viJliJI j4>iJl JjSjS:-. OjiUi 



i3; 



= 165-35=^5775 
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Relations 



uii^Ull ✓ 

4;(>^i bipiui uii^ ✓ 

Product Sets u>iil Ji^b- uU^ 

(a,b) ordered pairs ^Ijj^ll y4 j^t 

A X B = € A and ^ € B} 
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B={a.b,c} J A = {1,2> jSoJ 5.1 JUt* 
Example 5.1 Let y4 = { 1, 2} and B = [a, b, c). Then 

A X 5 = {(1, fl), (1, ^j), (1 . c), (2, a), (2. b), (2, c)} 
BxA^{{aMiaaUbM{b,2l{cAUca)] 

AxA = {(\, 1),(1,2).(2.1).(2,2)} 

,A X B B X A d\ .Jil—31 JU*JI oU*U oUifl-:)U Jsry 

n(Ax5) = 6 = 2-3 = n(A)n(B) 

11^ g-xbj .Bj A ^j ^ ^u t^'^ "('4 ^) = "C^) • «(^) 

o'ilUto-'ill -i^j* *AxB ^ {a, b) vj-i> ^^Jj t^'^ iLp-^lU j>« 

J-s-sU- i* ^1 E A\f fl2 ^ ^2> a„^ A„ (oi, 02, Off) /1-tupIes 

j^^Lj Ai,A2i ...,A„ oliill 

AjXAjX-xA^ or Yl^i 

Relations uli^l 
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R \i\ ,B ^jJ\ A ^ 45:iLp R jl ^yiJ 
b G B G A ^jj 4-;l «5 ^ ^,*-aiP 

.a^i) ^ ^ 45:^1 a o\ Jjilj (0,6) G (i) 

.aj(b i,..v<tj b ^ R '^'%S\ oi J (fl, b) ^ R (ii) 

s_fi-^i ^bj'^' ls^j*"^' ^LjJi js' iifl ^ ^ 45::)Ui jikj 

Inverse Relation 

oi (^t 

R-^ ={{h,a):{a,b)&R] 

^H={1,2,3} ^ /?={(l,3').(l.z).(3,3')} ^:5UJI^j^':5U^ 
/?-'={(y.l).(z,l).(3'.3)} 

.A J* i5:>U jjSj- /?•' ula JLp /? cJ\^ lil «viUj 
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Functions as Relations JljOJl 
/: ^-»B4_Jb Ji" J5' J-5 .JIjjJI i-ijjJ >i 44*-3 JUjb 

_j uijju'j graph of/ i3ljJl jaLi«e ^yk— i' B A 

Graph of/= {(a, hY a&A,b =f(a)] 

h h>.ftM tJL-ft ^ <0^1 .JaJs^^Jt ^ (^1 fa E /I ^^.^alP J53 

JLJLj ./^ A) C-J-* /(^) = * ^ /: -4 -> 5 4Jb 

'Lj3 ^s'^ B ^ \ A ^ \ A B aJIjJI iju^yii 

,f (o, ^) ^jj ^^Asii a € /I (/I X a 

Pictorial Representations of Relations 

j_SoM. 4_;^ aJI i»LSi 'iiJki l^Liftj" ^jSlftj R" 01 Uj .R^ = R x R 

.3^1 ilii-- UL^i ^y^. a:5Ui3 

il-L^^I ^ i-jT^I ^Ijj^rfl ^ <J^t Oi ^L-iJI 

elU<b» aJ^Ujs i^am' 4;j*agJt 
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Representations of Relations on Finite Sets 

R iJ^UJI j^^y^ ^jfslijg o^y^ .C)Is*4:ujo jba B ^ A o\ JI»Jc^ 

l^'JLi^i^ /I j^liKj labeled 4;jiice L^^a^ *JLJax^* (i) 
i—d ^1 ^ ^-^y> J— S' ,y 0 J I 1 ^ «5 iiiJl j-*^ iiy** 
•Jl^ JU a e fl "4 ^1 a:)^ ^ a g /I OjS3 Uij 

.matrix of the relation 43^1 A»^^i«a4 Is<» 
1^ 4 f»— jl i^^rsJUaiLo j . vgU: » B A (ii) 

9.1^ \ JLi .6 ^ 4J»:5U (^piP a CAS Vi\ b ^ B ^\ a A 

.aS^UU arrow diagram |«4^Vl Jala^^ ejj^l 

Directed Graphs of Relations on Sets 

<J»^ ^ LjjSi" UjLIP R ^,>H<a*i J^J* 

^j;. SU« 5-1 .4i%J3 ^-jaJI JaU^li JJa^t tJlA 

:^ = {1, 2, 3, 4) xti3i ju^ /? iji'^t 5::jUU aJ-jJI Jjai^i 





/?={(!. 2), (2, 2), (2, 4), (3, 2), (3, 4), (4, 1). (4, 3)} 

Composition of Relations uiS^l luSjJ 

oLT bl aiR o S)c '-ij-^J U^^j?- 

a(R o 5)c if for some be B.v/e have and bSc 
R o s = {(a, c): there exists be B for which (a. ft) e and {b,c) e 5} 

_j I4J j^jj. S J R ^ composition j RoS 

...it A SiiJl ;y o\ ^\ iA SiiM JU- R o\ ^J>jicS 

JiJUj ./?^ j^JL_i jj^^ ^llib (Ij.-ai ^ R y) RoR lil 

.« vr^l jljtf-Vl 2^AJ»J iisi^ oi* II^j .liS^j = I^oR = Ro RoR 

other Types of Relations ulSiUll ^ ^j^] f^p) 
Reflexive Relations 

uLT bl .a € /4 J_S3 aRa oLT bl i^lSUil a5:5U A R 45:^1 
ki.-^ a e JL^j bj i^lCul i? \j .a e A J5U (a, a) g R 

.(o, a) « ^ 
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Symmetric and Antisymmetric Relations 

tbRa ^j.lv...... aRb o\S bl .i-JjU::* 45:>U ^y^' A ^JLc- /? 43^1 

.(6, a) ^ R ^ (a,b)& R ^i*^ o, e y4 jl>-j li} 

oL^ lil antisymmetric 4_«JU«i* ,.5*—^" ^ 45"5Uil 

op (A, a) e V? J (a, 6) € /e oL^ lil 4_il a = 6 ^jJb— o 6y?a j 

Transitive Relations AjOk-JI Old^l 

bRc J fl/fA 6L_S' lil transitive i-Us* 3^ A XiiJl 7? 45^1 

.{a, c) G R oi_» (6, c) e R ^ (a,b) e /? Uj^. Ujup 4il ^.>l::-i 
A AiiJl ^ c tb *a j-^LjJI OJl»-j IS I i-Ux* OjSi" t-i^j 

.(a, c) «E jS3 (6, c) e ^ J (a, 6) e 

.R"=R^^oR pUJSLie^ R^=RoR 
1 JS3 R"cR jir JiJ Ja2»j 4i.jL*ZD OjSi- V? 45^1 :5.1 hj^j 

Closure Properties 3^^^ J^iP" 

49^ Pclosure F ^ . PrelationP^^ j-p iSl^U ^yi— i" 
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Reflexive and Symmetric Closures iljUsJl j a.-il^'ifl OlS^'ill 

^'^ jjU:iJb ^IS^'J/t J^^I iLLo UbJl i ^1 

,A Jj> AS-U ji iJaSlI 45:AJI ^ = {(a, a): a e /i)} ,5:Ap 

JlSjli* :A ^ 4ji:ilp /f :5.2 

(i) /? LJ is the reflexive closure of R. 

,Ru^A jf^ R -1 ^l^'i/l J^VI (i) 

(ii) ^ w is the symmetric closure of R. 

,RkjR-^ y^Rj J^U-JI (ii) 

,R J\ (a. b) Jir lil (6, a) iJ>JI ^ijj^II ^ J! 
Transitive Closure t^'A**^' (3^)ft 

,/? 3^ ^s.i^\ J:ApV* ^ *5.3 hj^ 

R' = RkjR^kj—^R" 
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.^L-*Jt ^ n ^jJs- ^sj-^' A Js^ R ^ ISA hjai 

43jUJU R j^JLic-JI *i5JUP 

transiti ve(/?) - Rkj kJ'-'KJ R" 

Equivalence Relations j^iSyU) ulS^l^ 

/? cjLT lit jaLSj- 4.9^ Uj_S:i- S ^ R *^^\ .iJU- ^ ^ 5 ^ 
I4J cjLS' 5 JlP jilSo- ^ V? ul «i-uao iJl^Ui•J 

liJUt ^^JbJl ^1^1 
«fl € 5 J53 .1 

aRb cJl^ bl .2 

.ae^f flr=a .1 
,b = a CS^ ta = b .2 
.a = cjii£) = cjo = 6 bj .3 

Equivalence Relations and Partitions 

oLiaJl j_« {A,} 4_P^AJ^* ^ S iliJJ P ft5js^=Jl 61 '"iljf ^^si ,S 

.A; n Ay =0 0^3 A, ^ Aj cJlS" lij .2 
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H = {x:(a,x)e/?} 

.jslS^I J-va*J representative 
1^ /? 39L_SoJl aS^sU 5 j-^LJ jilSoJl Jj-^ i^jAj^ 

SJR = {[a]:aeS} 
.R Ak^tjj 5 quotient set ia—J C-'^ lj'*— ^-5 

5/7? ift— iil^jU- iifl JLJJUP .5 iliJI ^ jilSj « 15.5 hj^ 

.ae [a] o^i a€5 (i) 
.(a, Z?) e cJlS* Ji) iaij [a] = [b\ (ii) 
.O^Uii* [6] ,[a] 01* '[t7]9t[6] cJir Ii) (iii) 

^ /? J»\5j- JLs^y 41^4 5 iiiJJ c^ji^ ^ {^j} cJl^" lit ijj-^Lj 

Partial Ordering Relations 4H>^I V^i^l ui2^ 

4_till .ijwcwj 4iJU«i*j 4**-lSool cJlS' Ii) partial ordering Csj^r 



partially ordered Aii3l ^y*— j' R i_^'jiJI Ai'^ ^ S 

L-iuJj «4-uiJi»Jl jl-X_pbU fj-ijsr <5!iLp < I^Uas .setorposet 

jL*-jl C= {3,4} {x.j'.z} = {1,2} c-Lp'i bl 5.1 aJjU^ aJL^ 

.i4 X fl X C 

Solved Problem 5.1 Given A = { 1 , 2 } , B = { jc, z) » and C = { 3, 4 ) . Find: 
A X fl X C. 

«ii e /4 vi— J*- (a, 6, c) 4— j>JI oL_*j ^1 OjSc:j. AxB^C .JjJt 
L;o J":5Li- jJaUl 4Jlp. Jj-^asJl ^jSUj. AxBxC.ceCibeB 

AxBxC j^\.js- .(5-2 J-^) tree diagram tjj.^>^\ iaIa»«AJI 

JaLi^Jl j-A.. JIp v-J-yJl 6:51' (12) ^ ^^"^1 ^yb 

^jx« ^ UTj ««(0 = 2 ««(B) = 3 *«(/4) = 2 of 

X B X O = 12 = • • /i(0 



(l.«,3) 
(1,«.4) 
(1>V.3) 
a.V.4) 
(1.*.3) 
a.a,4) 
(2,x, 3) 
(2. a?. 4) 
(2.V.3) 
(2.y.4) 
(2,r.3) 
(2,«.4) 




5-2 JSA 
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.5= {1,2} J\A = {a,b,c} ^oU^JI iJLP J:>.j\ .5.2A3_^i3L^ 
Solved Problem 5.2 Find the number of relations from A = {a, b^c) to 

4_» /M = 2^ = 64 Jorji. J\si{i3AxB ^ ^Up 3(2) = 6 Jb-ji iJsJi 
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Graph Theory 

(jlbliiat jjJjIaj ulUa^f ✓ 
JSUllt yiUU^il 4Xu>ll uUjiaPaf ✓ 

Introductiou; Data Structures uDLuJI JSUA 

JU- \\ .ijUdl jU^i^l r<^yki\ 0UaL>»*JI «0lUii*AJI 
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stacks pointers olj ^3«Jlj linked lists 

.queues ^IjUlj 

Linked Lists and Pointers Olj-S»J^lj 

"iSj^ jf ^j^jJ^ .JLio J^Li- j-o p tfl" ■» oij— i3«Jlj XJjvsjaJI 

1*^1^ ijft*^' iSJ*^. record J^>>« J5' 4^ i>J.U.i Jaix»mj' S^.n-ft ...U 





Adams 


Brown 


Qark 


Drew 


Evans 


Fanner 


Geller 


Hill 


Infeld 




Smith 


Ray 


Ray 


Jones 


Smith 


Jones 


Ray 


Smith 


Ray 



.4J^Up iAJU JL»-jl i^fM' *M JuUjJi 

oLiUi o-.f.>-j ^ .i.jkL*ji jr 

1 ^ i/y^ i^i—x^-^ Ji LtJbkol <Lj^^\ AajLa}! ^^Lj cJ^i^l t^>- 

V-ft*^^ .dJUS j*p ^ jUm*! J-i** *i Ji jt^ t^^' 

j*_SS' 5j_S'lJJI J*iAiJl li^J 

*l^lf 20j J*** 1000 iS'yJI iSjS OlS* bl .iiji^axJI ^ jLLs<.Vl 
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Ja_ai eJuh o/'ljJU 20,000 ^*:JI 

.oJlsU 1 000 

6-1 JSLi .olj-ijJI JU*« Sk-iljj nodes 1jl2p 

* 



. *j3b3l sji*U JUI ^>JI Jl<^ 



6.1 js^ib 



JLj^I IjiA eJiJI olyp- JLp t5js>o. *JbJl ^3*Jl JU*« 

SJLJoJl oljip 6-1 J5Li ^ START iljJ! ^Jo* ji.^ C*.i 

^ ojji-^l SJU*U ^jJl JLf^ dJUi I AsU'^L .XaJUJI J j'^l 

.4AiU)l 4j>1^ J^yu, null pointer j^^^ i/^^ JJ^^^ 



Customer 


SLSM 


NEXT 




Salesman 


START 


Adams 


3 


5 




Jones 


4 


Brown 


2 


3 




Ray 


2 


Clark 


2 


7 


Smith 


I 


Drew 


1 


6 






Evans 


3 


8 


) 




Farmer 


I 


0 






Geller 


2 


9 






Hill 


3 


0 






Infeld 


2 


0 







6-2 JC 



b-iflb US' iftJla (^fc ^L; *.%wJI iaJli viUi ^Jl isL^'iHj 

^Ul 4i^A«A« i^j'j*" START (ilJb) j-iJ-» iiji-^ -^-ji' .UiL- 
NEXT ,JL:Jl ^>4_iji.^ Jii^yj .^Ul Jji J! 

.Ray ^LU 6-2 JSLi p-^VU ^Jl jLij. iJUjJI o-j^ .(iaJLiiJI 

vi,.-'>r..U f-ii "if "^l ,_ji*A-J JAPj*«J il^^— J 5 aJLajJI t'\jSr\ 0^1 j2>S^. 



Algorithm 6.1 The name of a salesman is read and the list of his 
customers is printed. 

Step 1. Read XXX. 

Step 2. Find K such that SALESMAN[K] = XXX. [Use bi- 
nary search.] 

Step 3. Set PTR := STARTtA"]. Initializes pointer PTR.] 
Step 4. Repeat while PTR ^ NULL. 

id) Print CUSTOMER[PTR]. 

ib) Set PTR := NEXTfPTR]. [Update PTR.] 

{End of loop.} 
Step 5. Exit. 
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> » 

4i^Up JUiM^ (*-^^ ^ J^. ^'l ^JJ^ 

. XXX 1^1 ,1 /^W/ 
.[^UiJi vi^i f^jiw-i] .xxx=(^o a: jb-ji .2 

.[PTR ^3aJI Iju.J .PTR:=START[/q ^^zSjk^l 
.PTR?tNulI ULUoljlaiJI j^.4</W/ 
.[PTR] J-^i id) 
.(ojjjJI il^) [PTR ii-.Jb^] . PTR = Next [PTR] ^ (6) 
g^j> .5 ijiW/ 

Stacks, Queues, and Priority Queues 

*queues ^stacks oU»^l ^ J^W •^W'jj'j*^^ oUJai.^ 

jUa::i-\j Lgi-^j priority queues j**!^ 

(>• Jj^ J^-^- -r*"' ' {^^J *u<s>^l IStack (fl) 

JLJiP ^Jl_>JIj Afiti>)!U Jaiis ^«A— i* iJai- last-in-first-out (LIFO) 

(JLJpIa-^j 4_Ju^ ^ ."top" "^U^l" eJL>-lj Aj^j 

oL_-^- oJbJbfJI JlJ»Vl ul J*»-:Ajj 6-3 JSLi US' J^j t^jshu plkd 

.4^^1 ^ JL^ ^ JiU» jLUSfl Jl»>L' U^,Ij AAi JULP iadft 



Stack of dishes jU»^fl 
6-3 
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Jjf J^JU Jjf" pUai Ciui 4J Jli jj>U»JI IQueue jjiUaJl (A) 
ujJu>Ji 0-^. '^^^^ first-in-first-out (FIFO) "^>-i 
.4^UiIt "front" "a^jlaa" .,T 4«iUU iJb-lj 'iji^i jl^ 
J,<.4 n IJl* .**5UJI "rear*' "5>->" j^^j i^UU t5>-Vi il^Jl J*5i 

.6-4 JSLi ^ 4L»«Jt ,j«-iy!AJ ^Ul jUaSil Ja>- aSj,J» ^jJbj Jajo. 




j^^Xk^i ^LuJI ,>» ia 5 IPriority Queue JjjijSH jjill* (c) 

jj-JpI ^^^AijJl) ^yry ji^^ 0^ ••^.J^ ^U*- iiU&l 

^l>Jlj oL^^l .i^jMl ^l>J iJbuf ^ "JUjJl JJ ^1" /%\ 

,_^! 4I ^JJt t^jL^t ,,.i.a;;p ^1 ^ 4.^^! ^ highest priority 

Graphs and Multigraphs uUjImU Ji^JaI^j uUataittl 

:,j:JuJ^ ^ ^ graph iaL».AJ1 

,G liLi^\ Jji j{ is jt ^jij U^Up K= KC?) «i (i) 
lJ^! ,y»-r Xiki^i ^ v> ja^ c'-^' ^ " ^^^^ ("^ 

.G ltii\ edges 



.G ^j*. yj j*j G{Vy E) _> graph JaJa^.^! li^J y>y 

tJj >- JL^j bl adjacent j;,ijjL^»«x* U.4-J 2* v j m ij\_^l^t 

olj e ^^^1 V J M #. 4_JUJI oi* Jifl ^ ,e = {«, v} Edge 

j-B J-^ incident e *J ^aJI ot Cij I JUu «v j m J-^. e tJ^I 

J-iAj. e = {vi, V2} edge ui^a- J^j (».^£a^ syb ji) ikij Ji^ F iuJI 

.V2 J Vi ^yJaiii Ja^jJ. (_y W >AJ 

Multigraphs oUak^l jiA«t« 

5ijL*»x« li_^t CjU*— J. 65 J 04 O^i 6-5 JSll ^ Jak^t J J 

66 «j^^-j>Jl JJLJ JkS'j C *fl ^^^.1^1 ^jJd 0"%^. U4>V multiple edges 
.^i U U>.«ftU .D ^IjJl Ju^ ^.^S t^.^ loop S3_^ ,,^A>-«J» 

^A,^ *i graph h ti'^.ftU ^L-£Jt i-jLjycJt .multigraph oUaL»<AJI ^jluxo 

^ >_w7.fl <jL JaJaMJt LjLjyu' ^^y-S^. I<H-Jj •ejyt^^ '^J iJj^Sfl dJL^ 




6-5 j5;i^ 

Degree of a Vertex 

G ^ iJy^\ iJi*- ji^L-j fdeg(v) yJsSjrj ,G iJi».AJI ,y v isf-j^ 



.4Jb)l A^l^itj aJ^^.-JI 4.>.>.yJI Uj jj O^Ci G ^ 
iJL^ > (AjL-i G U h-w AJt ^ cTJi-;^* ^\5**^ -6.1 ^jiai 

.isolated Clj ^y*— j. lyi-^ \S^^ lt^V^ 

Finite Graphs; Trivial Graph AiUl iak^J^Jij Ag fu ji OlLk^tJl 

^ bjJ9«4 bjLP i^jM JaL»»J( (Ills' IS} ^1 Ja>-^J .(J^Sfl J4 

.trivial graph 4iUI JsLmJI (a^^^iJLAJI AklJI i^i) 

uUatM4j JSl^l 2u^b*i uUalMti ^2dU>ll uiklMtt 
Subgraphs; Isomorphic and Homeomorphic Graphs 

Subgraphs Vj^* 0\tala?Toll 

J oljs»«* 7/ ei^Ij ^jij oils' IS I G Jak^tJJ subgraph llsj;>- 

j^*j»JI U U>,JI G{V, E) //(P, £0 iJap-^Jl (i) 

£' iJ^y__»»Sll S_2i ojLS' til F' 4_-.jt j iL_*«l^ induced JiJjiJI 
cr-** Lft-:o.l4j ia— Si G ^ ti^SlI ^ 

G -V L^3>JI iaJai-^JI oi» «G J\ V cJlS" lit (ii) 
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.V JU- i,js»**Jt ui^S/l J5' uiJb- tiUiS'j 
G JaJa>ui ^ G-e ol* G ^ lJ^^I Jb-l e lij (iii) 

,G ^ e <^js^\ i_9JL>y 4JU- J->.a9«j 

Isomorphic Graphs 

t^iL^I J^L-ii- ^ G* = H*iV*,E*) ,G = Giy,E) Jli. 

Ji:>-j IS) isomorphic 
oUJaiuJI ^ JyiJ -il oiUj .G* ,y ll^ {/■(u),/(v)} olS* iisj 
j_,_Ja*j. 6-6 JSLi .UJLi;«>9 jju Iflh^hvr ul^ ^ ^yt^ tJiU-l J^Lir ^1 
J^L^' ^ oLLLp^a ^ j y4 jf Ja?-!^ ''^jj>^ oILLm 10 

A F K M R 
S T V X Z 

6-6 JSmu 

Ilomeomorphic Graphs jxll Olkk^ 

JbJL>^ .LL»*A Jj.,4a#JI t;;<A>, tG UalaM LJa»t bt 

y ^ l^L^p U4_l Jl_i. G* *G uLLLi^l .^/pj iiUie G 
J— « jl Ja UmJI Iftfl \^ J^.sd»JI ^j-SLoi ISI homeomorphic 

Jj-va>Jt ^j-^AJ 4_)Sl <Op ji" (_5lala»>je U^JiS^j (^^Ls-I JS'LU L-J 6-7 
.JL—U* yj-^Pj isUili (c) j^JI 



6-7 



Paths; Connectivity kjlJUl ^uOUtl 

'i-ti^^' j-A G oLLL»«aJ( ^JLicu path jU^I 

JjJUjo jL— aJI jl JUj .(Vo, Vi, v«) 4-»ji J IuoL;:uj jL... a 1 3 j^y 

j-jj 4_ji jt <v„ Vo jl—JI ji Jy* dUS ^ .vo = v„ oils' lij 

• V„ J Vo J-^. Ail # V„ J Vo 

L-«f .4 i^s»%A 4_^j»j ^-fiAjf- j-» simple path U.. ....n j\ ...ftU 

cycle bjjJlJIj .trail 4) JUJ 44Jb»«« iJ>>-^l 4J ^JJl jl^l 

BjjJlJI .vo= v„ Ijl^U JTj 3 4Jjl» ^3!** 

jffS- iJj^^l lJ Jlm .^-cycle Jjl» ojj^ t/*— ' ^ W^j^ 
J » . T ■■■ » V ^tjJl ^1 « ^/»^J-Jl jL— Jl of \Sy o\ (jii ^j>^ 

jL«* JL».j Juij fiij V ^ijl M ^ Jbrji 16.2 hj^ 
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jajl our jj\ J Jajt jsJ» 

Connectivity; Connected Components 

0-« t5» J^— * -"^J connected LLl^ Uj— So G JsImaJI 
6-8(A) J-^ ^ .J..!^ 6-8(0) ^ ^ JLk«JI .^-jlj 




(6) 

6-8 

AJaAjut ^y^^ G y^H Ljl^l Jy>S\ .U JiIm G ^ 

yj^yr .U-L>.4 ^ oljSMja ^ // cjI^ b| ^ ^ connected component 

oL^^ sL*^ 4J 6-8(&) J-SLa ^ G U Li;,* '"^Uui .iLl^l ajLT^^ 
F} .{^, C, oUsi ^ jJjaJl JiJ»^l 
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^ B '^ycji 5i iLij ^^A— j* 6-8(Zj) ^ cr-'-;^' 

5 Up ii-s-:>U 1*5" IJl^j .deg(fi) = 0 j^^l SjLjuj .^i^ ^^1 J I 

Distance and Diameter 4dL*^l 

v) G ^ V ^ U ^\ 4SL-aJ1 .G Jail JaJai**Jl 

^-A diam(G) i.^.*_aSoj G JaJa^^AJI j_L5 .v j w jL^-^ j-,«a5l ^ 
c^A, F) = 2 S.9ia) J_Sji '^LiAS .G ^ j^-to (^1 j?^^ 
.diam(G) = 4 j F) = 3 *6-9(^») JSLs Uju* diam(G) = 3 j 



5 £: 




C 

5 




c 



6^9 JSA 
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Cutpoints and Bridges j^U-Jlj ^kiJl 

bl CUtpoint 4k£ ^ ^ lT^.^' lluij:^ Uaia»«j» G jlS' 1^1 

G-e olS* lij bridge G ^ e «j^pJi .iajtj*>9 ^ G-v jlT 

^ .^U. o^rji- "ij ^ 4L5i ^ /) ^1^1 6-9(a) JSLiJI ^ ^ 

^ e = {A F} cJ^l 6-9(£») JSLi 

Labeled and Weighted Graphs 

^ oULi A^^fr J jl/j 4S^^ OJul^t 1^1 UJUj* lila»^ ij"*^- G <ya#^l 

6-10 J-Sw. .e J j_Jsi jl ojj G e H'(e) «^U- 

(jj_U jl) Ujj .4_;>w»lj i-iL^ L?^*" ^J3j^ Uaia>«jO 

j-sflSl ^Uv.l ^ oUaL»<AJl iJaJ JjL-JI pJbi ^Jb-I ^.^^^ 
6-10 J-^ ^ • O - . ' . ' i ' ." * t^t oi^. ^JJ Jj»' ^ li-jJ* jL«aJI til « ji-^o 

.14 e J p jL-* 




6-10 JS^ 

UUjj ImUSuKj uUaliidl 

Complete, Regular, and Bipartite Graphs 

l^-JUa ^jil JLw3l IJlft .OllaIa»«JI J4 ^ub»«43 eJbJP ^jit Jb^-jj' 
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if, 

6-11 



Complete Graphs ^Vs)l oUaluxJt 

J-^ G ^ eJ*^ lit j»b Asi G JaLi.AiJ JUb 

Regular Graphs OiyaAjl 

j_« cjI^ lit k G JaI»-i>ftM JLdj. 

.4;»-jjJt 

.SJ ...1 — is<9j ^j^AJ, 2 <1 <0 At-j^ ^ aLjI^^XaJI A^UaJt oUJs^iaJI 
C'*M..«Jj eJL^Ij ^Ij <i l-a^^^«j JJa>«.a ^ 0 ia^j^ ^ ^UaJI ivl^^^X«Jt JaJa^cAJI 

lTJ^S^^ l>* " 'J J 2 ^IkJ! Jajl^X^Jl JaL>«AJlj . U^^j J-^, Jlj^Ij 



0 it-ji 0* i/*^ <') 



A 




2 0* 

6-12 JSlib 



6-13 J-SLa .(6.1 A__i>4) ^yrjj ijp ^Wj^ "^'^ o-J^^' 

L_«^yfc*j 6 U^ij 3 ^y 0***^ o^^J^ 0*^^**^ CT^J?. 



lloUiJ 
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Bipartite Graphs f-ij jsrcJl 4JUS Ollak^JwuIi 

oUJai-AJl ^j*. 6-14 JSLl .OT<w (jiyii 4^1-5JI *JV ^y ^J^^l 

•^2,4 «^3^ «^2,3 




1^2.3 'fa.a 



6-14 jSii 

I ree Graphs ^-tjA^JI utkljim 

SJLui .oljj^ 4_j J lLjI ^ r oLS' li) tree 5 _,5>i ^/o— i T iais»^t 
4-j la l»>^ ^ G forest i-jUll .6-15 J-SLi :<L-»w»^ jU*^bU 

4_JjSLJl 5^,»-iH .trees jU-il ^y* G <jU11 Siail^sJI oLS'^l lil .oljji 
.degenerate tree KiU*:^ 5^,*^ (j?*— Si^^ o'^J a* 

e= {u, v} iJjsJI Li.^ij T {u,v} <Jj^ u^j-^. (^) 
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Cf* « W jb^j T e= {u,v} kJj>- ^jptJ o^j^ *{Sj^'^ -Si^^ \y (^) 



•'I V2 I'j 




V, 




6-15 JS^ib 



^jLJkJI Oj_Sjr JujLiP .^jp^l ^ n>\ iLLm G jSJ :6.3 

G (i) 

.Li^^fl « - 1 4Jj oljj^ 4j ,j-J G (ii) 
.^j>-H\ y» n-\ 43j Jajj^ G (iii) 
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.U^ 12 J C\j 13 1^3 6-\5(b) ^ 8 J 

Spanning Trees iJjJ \ jbjt-iS t 

L L^^U ojJ^^I e^^»wlil G JsjI^^XaJI iaIa>«AJl ^ 7 ^J»JI tata»w»Ji 

6-16 JXi .G ^ ^1 a-V^:rJ' J-S' Tjij>^T cJir li) «G 




6-16 



Minimum Spanning Trees 

jJL-p 4J j;,-*** G ^ ^ d\ ij\ '^jjy Uwt^ UaJa»»o G 61^ 1^1 

G h ijljA .TJ cJ^Sl! uljjl Up J-^ ills' 

^ (.^^^ UoJ ""^^ Ir!^ CJ* 
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Algorithm 6.2A The input is a connected weighted graph G with 




n vertices. 


Step 1. 


Arrange the edges of G in the order of decreasing 




weights. 


Step 2. 


Proceeding sequentially, delete each edge that does 




not disconnect the graph until n — \ edges remain. 


Step 3. 


Exit. 






n S^G O^yt JailjS. JaL»«4 ^ JU-^^' ^-^A ^jj*J*^ 








^1 -if iJja- jr uii*- ^IdU J-^lj :2 i^W/ 











Algorithm 6.2B (Kruskal) The input is a connected weighted 
graph G with n vertices. 

Step 1. Arrange the edges of G in the order of increasing 
weights. 

Step 2. Starting only with the vertices of G and proceedimg 
sequentially, add each edge that does not result in a 
cycle until n - 1 edges are added. 

Step 3, Exit. 

Ojjj* -Uiljs* Jal»^ ^ JU^yi (J^Jj^' VjJ^J^) 6.2B Vjj^ 

^^y^ ^ AiU»l J-^bj <^ a-j'^^ ^ i^ii^/ 

.«Jj^t j« («- I) «JUaj. ^y:?- 5jj^ ^juj. 
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il^lLJ^. I aJLLP- (S-Oj^ JSi) OjSj 0\ ^U<ay 4iJb9«4 jU-J^I JLv-jX Ji 

of ^_^lsJli3 -tJ^iS-j Vliy 6.2B 6.2A ^jtS^jj^y^S 1 SjlaiJl 

4^J»J1 oUaL>^l Jb>jf .G UaL>^ Jl^ 6-17 JSLlIt 6.1 4jjJLH^4jLu» 

Solved Problem 6.1 Consider the graph G in Figure 6-17. Find the sub- 
graphs obtained when each vertex is deleted. Does G have any cut points? 



6-17 JSm 



liLdi Jb-ji- "J jyio SkljS* oU-LiiJl •!* jr .6-17 ^ J 

^ G iJ^i^t ^ sJ^l jU^*^! jr Jb-j! 6.2 ^ jU^ ^L-o 

.6.18(a) JSLi 

Solved Problem 6.2 Find all spanning trees of the graph G shown in Fig- 
ure 6- 18(a). 
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(a) 

NX \K NT X7 

(A) 

6-18 ^fiit 

.6-18 ^ ^Ij J* US' G JsU^l oJj_^ Jbrji" .J^l 

4joji 4J G fci— 9- uJ^^l ^4-1=3 »i>J>^ oJLJ^ Sj»^ JS* 

01 "ill 10 — i 4_ijJb- jj-SUj liftj ,G i-*^! ui^^l 

.G JJ.»^ sjJ^i 2**^ JS^ ^ sjJ^I jU-ai 
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Binary Trees 

oaiaij Xuuiii juiiiVi ✓ 

UUjtll jbiibV) jLu;rl ✓ 
Binary Trees ^U^l jUmiVI 

ji aJUJI Oj;>iH i) 4JU- Oj^- r .1 

JLijJi ^Uj "root of T" \jjor i" /? 5j-a-« 5JL2p tSj=»^* 7* .2 
.Tj «r, 4l.,^flu!l iJLill jU^^^I jj) lli-yi l^jj j^- T ^ 

5^;^»«-iJI 6l.*-,..y 72 iTi ^•j>^\ 0^ R JJL^^ ^ ro^l lij 
r, ojLS' lij .v-i>J* J* *^5j>J* B^;j».JiJlj 4JU-SJI 

IS I J±aJL_>j R 1 left successor ,_gj\ ....Ji cJ_JL>JI ; 

J right successor ,_^i:iAJI i-iUJI ^^4-0. UjJb»- j^i -uiU- T2 cJl5' 
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«..i_ji,yu' 4_jljMit ej->«jJL) cjLiycJIj 

oJi ixJt .successors ^LoUJI j-a 2 1 <0 ^j_p 

LjJ ,j-SL». |« I IS I terminal node aSJ^ ©jlap i' 

Picture of a Binary Tree aJLs3 I 0 j^t-iJ i 5 j j-^ 

: jyir *ju ji^. 7-1 J5Li j SjL>^\ 

Ijlp L» L I i4 •Jjj*JLj J-JUu soip 1 1 iJLP j» r (i) 

.laL>^\ aj^ ^^ A iJ^\ y^TZj>^\ jJl»- (ii) 
iV J UJU- JiUj. AT iJLiiP JLLP jLJl jJb^^t ia»JI(iii) 




7-1 ja 



:7-l ^ dUi 
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.A j«i»Jl3 ^— ii*- C <(_fjL-j, 5 (a) 
.F ,E iD iB JL-k^l Oj-Sci- jljrJJ '^-^ij^-^* lj->^\ {b) 

.L iK J ,H ,G iC JiJI y> OjScff A J Vj^l 5.^b 

y «£; j-oJuuJi J-^ «jL^ // rC ,B iA jiJi js:j (c) 

«^L.ai». K iL iG iF *D JLi^t Ul JL>.1^ c.aL;' 

Algebraic Expressions CJ\jmM^\ 

£ = (fl-fr)/((c*J) + g) 
Ul ,^ -uoj .7-2 JCi ^ ljy^\ T SiSUill 0j>.JlJl ik^-lji E J*2aj- ^2)^. 

^^aJ .oLUjtil Operands o^U« ^Uj 4.;.ft...lij AjjLJi 
•e J c * d ^yb + ^AjJl iJLfc* o!)Io1jc» «E j*-jcJ1 (a) 

.e J c * d 

jj-S^Ij oJL»-j oy>^ jw** 




* 

/\ 

E = (a-6)/((c*£/) + e). 
7-2 J£ib 
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Terminology OUfclK,i^Jl 

oLi^Wl . a ..^^3 l^r ^JLi^- U3U3I oU:>UJI ^1 oU\h..^JI 
U-Jj ^ ^ 5 JiiP jl ^ jij ^ j-sOiiJ I 4;»-j ^^^J^^J • 7' 5 ^yi^ I -Lap j** 

^2 oJUUU ^.Sll (j^-^l ji) Jiyi 5, JiLJL, .52 .5, 
oL*— ?. ^2 '5, dUi .A^ 5JLJUJLJ (^-il ji) JiUI 

.A^ J predecessor (jii^Jt) »-al..H 

^L-«aJI ^jJ^ U4J ancestor ^^^l JbJI (descendant JJL. jl>Jik.^lj 
ISI (I c-iU- A() 5JLJU31 JJL- i- I oJLiiJl oi ^\ 5iU*JI 

.A^ ^'i***^. *,r>^ t^l t/*-^ ^ OjS3 Uij TV J Ljmaj 

4-J^( SJUtiJlj .path Ijl-^ aJLoaJI ci^Sfl Ajbbxoj edge 

.branch ^ji^.. '^jd jL^JIj «leaf 4Sj^ 

level tJjs— *JI L*-^' ^ o^;;>ii3l eJLiP J5' 

J-Tj 4J ^jn,.ri^[ Tlj>^ R jJbfJI number 

J-»JI l^ii Jli tJjs-*Jt ^ 

.generation 

.5 Ifri** 7-1 JSLi^/ 7-5^^1 .rsy^ 
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Complete and Extended Binary Trees 
Complete Binary Trees ^Isll 

^ ^jSU^ iJLf- 1^3 t jip^HS l-lP UJ Ujj 2?*^ C*jl^ bl iplj 

ij-^- ^ ji?'^^ (^jx--*JI ^ JLS*JI ^^yw^ oils' lilj «-ViJI 

ULubl ^^L^ oJldP /7 [i...MU I4] 7;, 5JL9-J loU 5^;»iul Ji»-ji- tlUJbj .jW 
.7-3 oJLSfr 26 l^ij 7*26 ialsJl S^».jJl .(j^UJI oljjxpm>o 





/\ /\ /\ /\ /\ / 



7-3 

IJl^j .J-jsr JUo J— jcr «o-»tJ' t^l O* ^6 « <2 ,1 i^^^^^S 

Sjj^ t^f A" SJLJip JlJIjIIj Jlil»*j|l Jb.JL>«- iJ^H— i 

,a: sjjuJj ^^/-^i jiUij ^.Sii jiUi A^rj .7; 

':>Uui .[/:/2] i±Jl^\ jJljj .2*A:+1 «2 * /i: JIp 
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d„ ^3^1 .[9/2] = 4 L*jJ1jj 19 ,18 jlJUiiJji La> 9 SJLjiJi JUti 

= 21 IjiU^ j^i oJii- n = 1,000,000 
Extended Binary Trees: 2-Trees 

oVlft La|j yLstf Uj A'^ SJLiP J5' CJIS' lil o-lXA-o 

uLjb'i j6\ jLiiJi aJUJi .Ji* J .jut*ifi 

^ 0\ju_^lj ^IjjJl^ o^;>«-SJI Jak^ 

jSUj. rDj^.^! .7-4(a) ^1 5^;»^1 Jl* r o>^i 




(a)r4jU;s>>^ (6) 2-tree 2 ^ ^ ija-yi Syc^ 

7-4 JS^ 
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.lA{b) JSLi ^ SJb.Jbr 
SJLju^l oj^j^^l ^ 5J^b iJiap o^l c^a^i 4JU»'^I s^^i^l ^ JLSJJU 

Representing Binary Trees in Memory 

iiJJl .S^IjJI ^ T J.4ft.J JLJI lJuh ^Uj. .V'Lo' T 

4-jLij* 7' I link representation aJLs*»j3I J-ji*J j SiliJtAJi ^^J^/l 

sequential ssJI J-jiA-Jl ^y>^ single array oJL»-lj Siji^ ^,l>»v,..7» 

iJiSLo) jjk ej-»..i-.U J-«:aj (^I U.J.U.1 U ^1 .TljP;L^ representation 

^^L. j bA. i i access (Jj-^^l 

Linked Representation of Binary Trees 

SjS'lJJI Jai»w' tjj*- ruis ,^y-Slp ^Jb. |J IS) ,isSUj- T'ljS^ 
(LEFT (INFO 4_;jljx« ol-«^ku» C>^' ^JL>.v Jj_^^ J-±^' 'i^^^ 
Dj-^^Jdi AT oJLiJ^ jr jr JJ .JUir ROOT ^;Jcy. »j RIGHT 

.A^oJisiJi jup ouui jip :info[/:] .1 

.A^ j^H\ JiJJI ^ ^js^- :LEFT[/q .2 

,N dJL^JJ JiUl Js- :RIGHT[/q .3 
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.Tojs^tJiM R jJu>JI ^y> ROOT j-i^^Jl <dUi ^Js- SiLjj 

j^jjp- (^j-:^ ^j— ^LjlJI _^3aJ1 j^a «4JU- A*5j:r oj>^ cJl5' lit 

<Jj^ ROOT j^}a}\ aJU- l^.^fli r5>>^l 13 tj <4j,yL^i 

.4jiyL,^l 4a^I c5>i>V. 

UUilt jb^iiSO ^Issll J-uJl 
Sequential Representation of Binary Trees 

END jJcj» ^ TREE oJl^-Ij ojkLa iuii ^ 1 J^.:JI IJla 

.TREE[1] r o^/>*:iAJ /? jJi*Jl {a) 

J— yia. Oi* TREE[/r| 4J«>Jl i.jJiuJI ;v U ajLil^ c^Ua til (6) 
.TREE[2 * a: + 1] ^ o>«. ^.'"Jlt TREE[2 * /Tj ^ 0>^. 

.7 5 ^,>.^ S iiJiJl ^ iSy^. END (c) 
0 t^J^* TREE[/Q ^ N oJUiiji *v*JLJi ,^1 Ail^yU 
h-Wv.. 2*/!:+ 1 /\2*K lij aJLs- jI iJ^ 

^^.Jp tJ,^— TREE[2 * K+ 1] jl TREE[2 * K] Oj-53 jl END 

.NULL iA^I 

Traversing Binary Trees ^Ulll jUSVl jLu^l 

oJLJh ./? LftjJL*- 7" i_-jUiJI Oj_»«jJi jL- ■■.V>-'i 4;^LaJ ilt"^ JjJ'Ji 

"^'ai v«i'>JI" «preorder "j,Ul v-rydl" ^:5L:J1 oL-jjlyJI 
rJUlS' postorder i«»*y^l" <inorder 
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Preorder: (1) Process the root /?. 

(2) Traverse the left subtree of R in preorder. 

(3) Traverse the right subtree of R in preorder. 

Inorder: (1) Traverse the left subtree of R in inorder. 

(2) Process the root 

(3) Traverse the right subtree of R in inorder. 

Postorder: (1) Traverse the left subtree of in postorder. 

(2) Traverse the right subtree of R in postorder. 

(3) Process the root /?. 

jil— Jl <^yJ\ R j.>->U '<>ij>p^\ oj;>^\ (2) 

.preorder 

jjLJI <^yJ\^jS R jju»JJ ^J-:MJ\ *^}>>i\ lj>^\ y^\Q) 

.preorder 

.inorder 
ji»JI (2) 
« ^^^1 i=*rl (3) 

.inorder 

.postorder 

.postorder 
./? jl»JI (3) 

.^^JL«JI <^j»JI S^;.^!^! J-i jLj:»«i* Usb R ji»JJ ^^^^t aJjsJI 5y>^l 
./? jl^l 4_sJU9 c-_iy ^J iaSi v^^t oLojjl^l ^ *J:^*JI 
jL»«-S.S/l jL*a»-l J—* ^ "pre" "jjjL." ^iiJJI 4i^j 



jUJiSll jLx>-l JUj R jJbJl ^IjJ "post" "jp-'il" ijeOj'^ -il^-r!^' 

node-left-right (NLR) iLjL»-t (^^a-^' di^LjJI oUojjtj^Ji 

^J U left-right-node (LRN) jL--a!-lj left-node-right (LNR) j\ .v^b 

Binary Search Trees ^Uill 4^1 jUSll 

UJt jJU oULJI JS'La jtjhl IJL»-lj "Ai-H 

^ ^^...Aull ^ luS^. JS:^! 1Jl» .ijSUsJl Zjs^ 

number of oLjUJI :»jlp n v1m>> - O(lo&/i) ^L^^ ^^>rl o'j 

li— ft -^^4^ 4»L,<»( kiji>- ^ Cibi L;5r,ft I jjbj .data items 

^ JS^I IJi* : sorted linear array ,JaiJl jyiJl i«jkL« (a) 
0(n) (flj^M Jo^jsaJI ^ l^j^ <iisC> JjSo 

i 4JU>J J? «JJl^ ^ riinked list SJ y^yJ\ (b) 

4_jV i^jtiSCo ^\>mi[3 jfi- \lf>>m^\ j53 .4)^^^^ ^^Llp 

•/(«) = 0(/7) jjbS ^ljLi«2-.l 
^..SwikJj 4Lflil'a>»,a 4.^*^ Lf'*'^ f^^il^ JUaiu 5 cjbyu <oljLJU 
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J-S" cjLT bl 4_jUJ fc^. T ^j^- .iJbJ T'o^ '^-^j*? 

.r j^Lp ejjAA 4aJ\3 g^-i inorder ",_^T ^\>Jt 
jLOAit 1^ ^|^::Aj>' J? ^J^J^. A^U^i «^A»>Jt 5^;»«,.^ i>;^l t^^ycJl '.aSo^*^ 

.AT J iJj>JI 5,^1 ^ A/SJ^ JS:i N>M(a) 

,NJ iJj>Jl o^^ij^l J MoJJ^ N<Mib) 

Searching and Inserting in a Binary Search Tree 
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Algorithm 7.1 A binary search tree T and an ITEM of informa- 
tion is given. The algorithm finds the location of 
ITEM in r, or inserts ITEM as a new node in the 
tree. 

Step 1, Compare ITEM with the root of the tree. 

(a) If ITEM < N, proceed to the left child of N. 

(b) If ITEM > N, proceed to the right child of N. 

Step 2. Repeat Step 1 until one of the following occurs: 

(a) We meet a node N such that ITEM = N. In this 

case the search is successful. 
(£») We meet an empty subtree, which indicates the 

search is unsuccessful. Insert ITEM in place of 

the empty subtree. 

Step 3. Exit. 



.ITEM oL-*,^ Juj T i-SUiJI oj>^ :oUmJI 7.1 2L»jjl 

j\ Tij^s^\ ITEM :>L»v.l ^j'j^' 

.rSy^jJl ^ 5Jb.JLir ITEM 4sU»i 

.Oj>^ N jJb>JI ^ ITEM :i tf^W/ 
.N J JikU N> ITEM uVr li) (a) 

.A^ J ^.^1 JikU ^li- A^< ITEM lij (6) 

i JLp J-^- ^ 1 o>>JI j> :2 i^iW/ 
jjSLi. aUJI eJuk ^ .Ar= ITEM j5>o- ;V oJlSp Jjliij" (tl) 

01 J I llfcj ^tJ^ -Mir ».r!^ J^^' (^) 
UUJl 5-Jj»JI ^ '^Jb ITEM J^;-^! .J-ils 
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IDeleting in a Binary Search Tree SJldt C^9xJi 3 fyJii ^ ciJbJi (b) 
j_Aj iT 4—uLiJ! »^A_>«JI oj— -^jSi ITEM Lo juj (-sJl^ ^jj^j^*- 

,T ITEM ^i^* ^W-aV 7.1 iw»jjly- ^.W^..^. 



Algorithm 7.2 A binary search tree T and an ITEM of informa- 
tion is given. P(/V) denotes the parent of a node A^, 
and 5(yV) denotes the inorder successor of N. The 
algorithm deletes ITEM from T. 



Step 1. Use Algorithm 7. 1 to find the location of the node 
which contains ITEM and keep track of the location 
of the parent node P{N). (If ITEM is not in T, then 
STOP and Exit.) 

Step 2. Determine the number of children of A^. There are 
three cases: 

(a) N has no children, N is deleted from T by sim- 
ply replacing the location of in the parent node 
P{N) by the NULL pointer. 

{b) N has exactly one child M. N is deleted from T 
by replacing the location of W in the parent node 
P{N) by the location of M. (This replaces A^ by 
M) 

(c) A^ has two children. 

(i) Find the inorder successor S(A^) of N. 
(Then S(A^) has no left child.) 

(ii) Delete 5(A^) from T using (a) or {b). 

(iii) Replace N by S(A^) in T. 

Step 3. Exit. 
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oL^jJUaJI j-Ji -i^-ijj T loLkwA.)! 7.2 ^Jj' 

^1 S(^ J N oJLiJI Jjtj P(AO .ITEM 

ITEM 4-^j,j»jiJI "^^1 ,y N cjii- 

.To* 

N ojLjiiJl 2:5^ ^L:>-iV 7.1 i-^jjl^l j.*>...7_.ol :i J^jW/ 

P(AO JJl^l 5JL-5^ ITEM t^j^* 

tjL5 JL_JJLi*i r oj»*iJI ^ ^yry' ITEM olS" lil) 

j-ijJI ^-^ji T ^ N sJ±j^ .JLJl»i 4J ^ (a) 
./'(TV) Jjyi oJliP N yt'^iSi NULL ^^^msH 

A/^S^o T ^ N^j^ M Jb-ij Jit 43 TV (b) 
.(A^ >^ M) .P(N) Jjljil iJji.f^j.JN^ 

.o:^ 4j TV (c) 

"^^l v^yjr ^ ^yi TV J 5(TV) iJiijl j>-jl (/) 
Jit 4J 5(TV) jjJUP 
• (b) ji (o) (»IJLi^li 7- ^ S(N) *JJ^I (//•) 

.r^y Tv^'-ifjb5(TV)^(//0 



j^UJl Iju^- jSiS\ 2(c) SjLiJI ^ (iii) iJUll Ji^*^ 
Ij^. "^^1 v-«i-^l" TV J S(Nj .^jA^iLJI 
IjL-i. JJ_,_*^ ^Ljdl TV J JiLU lluu iJ^- SJLiJl 

Sm kJLJ^\ M SJlS^I .^-..1 Vit ^ A/ eJL«^l JjUi ^ 
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.r J djaio- p-ji .7-5 

Solved Problem 7.1 Suppose 7 is the binary tree stored in memory as in 
Figure 7-5. Draw the diagram of 7*. 





2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


20 


30 


40 


SO 


60 


70 


80 


90 






35 


45 


55 


95 


0 


1 


0 


0 


2 


0 


0 


7 






0 


3 


11 


0 


0 


13 


0 


0 


6 


8 


0 


14 






12 


4 


0 


0 



root|T] ^ 

: JL. Ji-V R Uj ^ T ij>^\ : J^t 

.ROOT = 5 o\ Jas-:^ .ROOT ^^Jl i^Ji ^ ^Ae- J-^. R (a) 
,Toy^ R jJb>Jl ^ INFO[5] = 60 b] 

Ji:^^_j ./? J ^/^l yijJI JUuo ^ 4JU^ J-^. R J JiUI (£)) 

./? J JiUl J* INFO[2] = 30 JlsJlo .LEFT[5] = 2 

ol ./? _j yi>Ji ju*« ^ Up j-^. /? J jiy I (c) 

./? J Jiy» ^ INFO[6] = 70 JUUj .RIGHT[5] = 6 

JjS:^^ .7-6(a) J_SLi ^ US' y> J^H\ *^j>JI p-j O^l U:^::** 

7 ijjJlkJi Oj.^»..ill jjJU- J-.*>*i o-W.-^- 5-Up- ^ <5jLJl aJLwJI 

.7-6(6) JCi J 
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(*) 

7-6 ^ 
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Boolean Algebra 

adhSuaf ^ijoiij ubi^jt ✓ 

Basic Definitions ^LuiLmV) uU)ixU\ 

6ULi«» 0tj-.<aiP / -J ^1 >o^J (•Aj-'j ^^-.aiP- j_yU Jaju" ^^I) 4j.jU-I 

ICommutative laws JjlJLxII [BJ 
a+6=6+fl a*b=b*a 

: Distributive laws ^jsJI [B2] 
a + (b* c) = ia + b)* (a+c) a * {b + c) ^ (a * b) + (a * c) 
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: Identity laws ^5^lkJI j-ilj5 [Ba] 

a+0=a a* \ -a 

'.Complement laws ^UjJI [B4] 

a + a'=l a* a' -0 

L^JUp <B, +, *, \ 0, 1> yjl ^UjJI ji>^ oLs-^l ,jiuu ^j 
j» 1 Olj «^yU<a3l j-^aijJI ^ 0 01 J^j .Si-JI *S\y>-\ JIp JUS'lsJt -b^ 
,^,j.sa^l e.^.^:^ * J— Jai^ <-j,5<w« e^l-^j |vaXo ^ a' <eJL^j}i j^ tOXfi- 

a * + c) = (fl * £») + (a * c) 

^UmmaJI ej^^4.all |»JL>«£^ ui^^ 
fl(/7 + c) = ab + ac 

tS}j^ *j*>^^ ,y <«5LsJI JL^U- ^ykJ 

a + (i» * c) = (a + fr) » (fl + c) 

a + bc = (a + b){a + c), 

j_yU- |*-ftJuJlj jjv9l>-j 1' ' t* <+ OLIaaJI 

Oj-So. .4_iAjJI 0^9 -^-Jj' (J J* 

{a+b)* c ^ J + (Z) * c) ^JJu a + b* c 
(a* by a* (A') a* 6' 
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Subalgebras; Isomorphic Boolean Algebras 

li — -JL) ^yLJji ji-^ tr* ^ ^ cjL^ lii 5 subalgebra 

/ «* «+ «B J oLUjJI jJ\s iaLui C .lit 

t^l isomorphic LJ^U-i ix* <B ^^IJjJl ^^^jo^^l of 

<ii:5LiJI oL-JUjJI JaA>^^f :B^B' J^\J Jb-lj >by jl^tj 

f{a + b) = f{a) + f{b) 
f(a*b) = na)*fib) 

Duality ^ U a )! 

J.UJ1 Jil^ .Slu 

(l+fl)*(i + 0) = fe ^ iO*a) + (b*l) = b 

c^LrdLj .4-JU«^tl 4_pjaj>«aJI ...a; B oUl 4^jAdk«Ai aLLmJI 
Principle of Duality SJUsJi tj-^ 8.1 itjkj 
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^.jiij* ^^1 JjUo uS/ dUij *oUJL*J! oJl^ dUJi* OjSo, JjUJI ^,^1 

Basic Theorems 2jMLi!)t\ u\jjSiSi\ 

Ajyi >ji oLj*i js:*^. [B4] ji [Bi] j» oUJL-Aji ^^ijii-x-^ii 

,B ^J\J ^\ ^ c la jSU 8.2 4j ^ 

:idempotent laws ^>i*ij* (0 

a + a = a a * a = a 

IBoundedness laws 4j.^jJb««Jt (ii) 
fl+l=l a*0=0 

: Absorption laws v-jUjO^'sII ^j-Jlj* (iii) 
a + ia* b) = a a* (a + b) = a 

:Associative laws ^JJI ,j*jlj3 (iv) 
(a + b) + c = a + (b + c) (a* b)* c = a* (b* c) 

J_S' ^ V cJlj U jA\ jf>^\ ,y iSiLJI oUJL-Jl 8.2 

.^_^lJiJI ^ylj jUmj o^JUJI 6U..^^I .oUiJI ^ij*- 
B jU^ ^ ^ a 8.3 4jjtj 

:Uniqueness of Complement ^»<t.7.Jl iJl-iLs-j (i) 

: Involution Law iJUJ'j/l O^U (ii) 
0'=1; r = 0 (iii) 
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Morgan's laws (^^jy iJ^ O^^'j*) ^.4 hj^ 

(,a + by = a'*b' (a*by = a' + b' 

Logic Gates and Circuits ^j^Hhtti ^litilij ^^^i-i^^ 

^jiuu y» I olSLiJI CcuJ ^yl^^ i^akiAJl yljjJl 

j-SUj> 4_Jik;.o 5^b J-^ .XJiku oUj* i" iJljJI ^IjjJI 
^ Jaii Jia-ljj JU-i'ifl ^yl ^\ jt Jb-lj t^j2>J- L ^Jj 

J\^. 4.JLJUI SjL-iJ J-jj. L ^ JU-il jL^ J5' 'i*^^ 
«bit (binary digit) (^yUi' ^J) 

Oor 1 

^j.^i*Jl c*-i ^^a-aJ bits oLsJl i-ja Z glUi .L syljJI J I 

jl^-j*- J_S3 rt-bit y> 4*jb** ^jrtj../i>>r Ji* .output bit 

Jls^Ij C*j i>JUj ljI) lij lij iJL>-ljJt i«j\xiJI iJU* iJLp Jaju" L j .JU-jI 

uiyu ,y n-bit <jj n ^ *m\ssj» 'ol^l J^.d»«sl (o^Jl 

Logic Gates Ob 1^1 

'LT^- ^-^^ U ^ ^J.' ^J-'' '^^-^^t 4 Obtjj JIUa 

.^>JI Jai^ J* JIp JaiJIj Jli-i^i J,jJ«. 

5 J ^^,.JU-j1j "jI" 4_>I^ JiAj 8-l(a) JSLri rORGate «jt» Xi\y, (a) 

,y v'^^**! Jj-i^ *j»j.y»i' "^*JrJl" <^--^ Y = A+B ^js^j 
A = 0 0%i-JuJ! OjS:>. LoJiiP iiSi K= 0 j^. dUijj .8-1(6) 

j_JU-JU ^ ji-Ti o^. of j^^Sl^. "ji" il^l oJui» JiB .5 = 0 J 
D .C </4 o:5L5-Jl* 4 IjJj "jl" 8-l(c) J5Li .j^M 
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^jiA^r Oils' Jaistj Jil r=0 ,Y=A + B + C + D £j>^\^ 

8-l(c) J_SLi ^ "jl" i^l^ XJU-JLJI oLiUl oi Vi* ^> 

:4JUt 8-bit obJl oUui ^ ^iSjS:*]! oUilsuJl 

A =10000101, B= 10100001, C = 00100100, D= 10010101 
»i»Jb«i IJlaj IjLL^I JS" JjSj- lo-UP 0 l^lJ Ja*j' "jl" il^i 

C.-'-^* JI:JVl3 ^l-lb iT^^b u^^l 6^1- 

.r= 10110101 



A 


0 


A'¥B 


1 


1 

0 


1 
1 


0 


I 




0 


0 


0 




8<1 ifi^ 

j^jlL and "j" vjIj, ^j*. 8-2(a) JSLl :AND Gate « j» XjIjj (6) 

(Y = AB il»L«j ji) Y=A.B ^>J»j 5 J 
ia-Si r= 1 ^j-^>^^ d^. li^jj .8-2(6) J5^ Jt JjJ^ 
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4_slji j^^-M^i 8-2(c) J_iLi .jsiJl jjtJLi-JLi y» 01 jS^. 

.1 ij^L^ o!5U-JuJI j*-5 oils' JiJ Jaiij .bl }'= 1 

^ 8-2(c) J-^ ^ "j" i^ljJJ o^JbJl oLiUi 01 

:4Jl:dl oUJI olJui ^ 4i^\ oUIclJI 



.4 =11100111, 5 = 01111011, C = 01I10011, 



D= lllOllIO 



.1 4j3L^ J^jlJI bits oL-ij ^^^^j^ Oj^. Ujulp SaSi 1 ^xiy "j" 
4_jubx» OjSj- ^UIjj ^LJIj iiJliJIj ^_^UJi ia49 viiJL?»i IJl*j 

.7=01100010 ^yb^>lj| 




Y - A*B'C*D 
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4_ilji ^jj. 8-3(fl) :N0T Gate Ji (c) 
^j-L5U3'5flj y=^' A J^JU inverter L-^'U Ciu\ 

5^j->JI i-AJi .8-3(A) ^ J JjJ^ (') yJ^ yjf^ 

A' = 0 4A = 0 Ujlu> A'= 1 ul ./i JiJ--UJl iA-i r=/i' 

.4 ^NO^O y'A' J 0 

(a) NOT gale ilji (b) 

8-3 

iJbll »ij!ib3l oUjLcwJI J*. JaJI l^i* ^^iL* "^J-J" iljJI jl 
A, = 110001. /l2= 10001111. A3 = 101100111000 

.ij^j .0 Ji 1 JTj 1 0 jr A,!^ 
A, '=001110, =01110000. A3' = 010011000111 

Logic Circuits 

l^iOU-JLo 4...ak:.a o^ljJ JVia ^ 8-4 J5w. . Lfi.yu" ^! 

juui^i Ja-^ 4_j jis:^ JI (.) ALiJi .y u^r^ii^j c «b .a 

^j->^^ Lj>I ,{A . By Um.\ dUi -bu liibj A .By^ "j" iiji 
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r = (A-5)'+(A' + C)' 




8-4 

Logic Circuits as a Boolean Algebra jt^?^ Aj]n-<t\\ y\jjS\ 

p y i Uwtl) pA<7 J-^l) PV<7 JjIJj?- ^ V^>^' 

T j-A Vju 0 J 1 Ua OjLi3! .(p ^) j *((7 j 

«*_Jj>-iJl J-M!»l^ ^j.-ftL>*fl «^,JL^*^I ^jJL_»JI «^_y-.L»S/l tCj\^j>^\ 

AND-OR Circuits «jt - j» 5 

^^^AmJ (^LJ j'^o ^J-^lj^ ^|Jaj>«aJ o^LaJI Z/ 4'.il'P>.ft)t 3 ^IJLII 
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.£ ojJIjJI ^ "ji" iljj .3 
NAND and NOR gates «jt j «j jy3» Obiji 

iL—u.L»S(l oUljJt oL^y jUilSo obiiU2»| Jbjl^ -^-y 

"j" i/^-^ i8-5(a) JSLi ^ Sj^^ NAND "j ilj. (or) 
"jl" 4^lj> t^lSj- *8-5(6) J NOR "ji iljH (6) 

Ih-^ ji "jf ^"j "j ^" jUcel^JI .8-5(c) 

JiJ Jjij .IS) JjS;. "j ^yii" il^l Oii Jl iiUyiej 

1 tSjL— J "j1 ijtjJl «1 i^jL-J o^U-JuJI oils' 




(o) NAND "j jyii" ih) NOR "jt ^yii" I^lji 





B 


NAND 


NOR 


1 


1 


0 


0 


1 


0 


1 


0 


0 


I 


I 


0 


0 


0 


1 


I 



(c) 

8-5 jsii, 

- 128 - 



11 III \ y ' I . t " "1 I 

oj.. 5j_j1jJI oJl* Ji* ^J#.s«J ,o^li UjJbi "jl 

j-JjS\jS} >LjuJI ^L-J^l .il^l JJ jv^l ojLi!^ 

8-6 J5Li ^^^.vahu.U 

raj y=(/i' + fi' + c)' 




8-6 js:^ 



.(210 ^jL^ji ^iji <s») D210 ^vj^i 8.1 a) aiLyt 

Solved Problem 8.1 Consider the Boolean algebra D^iq (the set of divi- 
sors of 210). 

(a) List its elements and draw its diagram. 

ib) Find the set A of atoms. 

(c) Find two subalgebr vvhh eight elements. 

*35 «30 <21 i\5 *14 AO *7 *6 ,5 «3 «2 *1 210 jJbJI p-lj5 (<i) 
,8-7 JSLi ^ D210 .210 ,105 ,70 A2 

ilJip'^l J- 210 iJL*Uj^lyJlia^^ = {2,3,5,7} (6) 
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.B = {1,2,3,6,35,70, 105,210} obiiJI (c) 
.D2,o J ol.^l y> ^\ oUjS;. C= {I, 5, 6, 7, 30, 35, 42,210} 




8-7 js:^^ 

^jj^C tB .A Kl...*- ^J\^ ji y ^ 8.2 5J aJLyi 

.8-8 js:^ ^ ^jik^ii o^ijji o:^ju 

Solved Problem 8.2 Express the output K as a Boolean expression in the 
inputs A, B, C for the logic circuit in Figure 8-8. 



-t>-L 



8-8 JSJ^ 
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.AB'C "j" Julji ^'BC "j" Jjl ^>«i ^J^^ 

'l-i^J 'AB' "j" AjIjj y^-T 

j-JLi-JuJI iS'ilJu ^yUjj ^^jmjccS" y ^>«aJI 

,8-9 JSLi ^ iJkuJI ojJIjlU B 



Solved Problem 83 Express the output Kas a Boolean expression in the 
inputs A and B for the logic circuit in Figure 8-9. 




Figure 8-9 

Lj .(/I'-s)' .(/i + By ,AB' jL-Ji oLI^ji 

y=i4B' + (i4 + fi)' + (/i'5/ 
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Languages, Grammars, Machines 



uUUI ✓ 

Alphabet, Words, Free Semigroup 

A 4_siJt ^ w (string jl word) iJS^I .jW ^ ^ 

M = a^aZ?^ J V =: accbaaa 

JLiSlu JLi*. .y4 = {a, ^, c} iuJI jlsJiS' Ua 
4--j.Jb«f i4 J La SjLf- *A oLft iSTJi 
.letters \ — ij^*- L_*_^Lp «ij .alphabet 
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*v = a<P'b{^ J u = abab^ ^^^*xiLJI ^7a.IS3I 0^5 IJl^j .liSObj <iaa ^^r* ^ 

S_AJiS31 ,..Y A ,_yJLp 4 L^ajJ 1 (epsilon ,jJL— j) ^lambda 

.A* l^l ^ oUJi53l 4£i .empty word 4JUJI 

SajVxx* ^UiJl iJ*- ^ tl{u) ji |m| .m iJiSJl length 

.>l(v) = 7 J /(m) = 5 01 O-^^l V J «w j;jyJSJLU . I4J i.^UJl »-9jj*JI 
.4JUJI 4aK3I X /U) = 0 

.c tb ta j^fc A j-itfLp <i4 ^^^Ip oUJ53 V^j j*^. tij*- w <v 

Concatenation c-JUaJl 
Mv v-^^S^jJ V J M concatenation i^JUj' ./4 Ljl>«jS(I ^^Ip v *m j^sju 

tiv = ababbaccbaaa = abcd^acba 
iT*^ = Ml/' 4-j»UJt aJUJI^j uuu = t? tuu = t? •«jj^pJl ^ US'j 

jLsiUaSjB «(VH') J (mv)vV ^y_*:i*JiS3IOi W «V «M OUJ^ ^^^^^ o>* 

JUu A-ij:;C« w <v <!/ oLaJI53I Oj^^ j-^ uljjS^' 4l»L.^ U^jSf 

.K i*JiS3i jsii- *i M iar J*, j-5 4JUJI 4JiS3t aui .C^j .^'ii 

.i-i^rUil iJL** ^ /I 4-j.JL»-i'^l ^ oUKJU ^UJI 4JUj> :9.1 44jfei 
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Subwords; Initial Segments j&3 iVj^l OUJ^l 

w = ajaj+i.,.. Ok ^5) .i4 i jl*.*^! ^Js' u ~ a\Gz .... a„ SaJIT j^I ^-si6 

4 <«JI53I ^^,s«a>JI 49>j .u 4AJi5UU subword a^j?- aaJIS' 

initial S^IjlJI i*la5 i' w j< JjVl «-ij_>JL! I J-j" ^1 w = aitjj .... a* 
w J «u = V1WV2 01^ bl w ^i^j:^ iJiS' w ojL«jj .M segment 
u jut oUiS' u *A of .M = wv 01^ lij u opIjlj 

.M = Am 

a6ca (^ca «a6c tca tbc *ab ,c tb *a ,/i '.'<L2js^\ oUi^t .1 
.abca tabc tab lO tA '.lifi'\±^\ ^JaS .2 

j-uj flc A-.>-i53i .« ^^^is::. ^ w=a 4^j*ji ias3i of 

Free Semigroup; Free Monoid 

Dj^jJ! 4_f-i i- F -i-^loii iJUjJI bJl-» .UbU b^-^ US' .v^UiJl 

•^J{^\ ^j^- ^\ A ^CjUK}\AiiA*=Mj^ j^l 

i_i.iU-Sll 5^^l t/^' ^ O^i *v_J>UsJl iJUjJ oJL»-jJI ^^..tfj^ ^ ;i of Ujj 

free monoid 5^1 
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Languages iSUill 

A* d\ jS'ix; .A (_jip oUiS3l Af-yM ^ A 4j.Jt>«iSfi J*-' L language SiUI 
.A* ^ io'_^ its ^ L IJujjj ,/t ^ oUJ5UI ^ 2js ^\ jAji 

Operations on Languages OUAJl OUXaiP 

"concatenation" ^_JiLjo lJ^—ju .A ^Js- Ob*J M j Z, 01 

LA/ = {Mv:Me UvgM} 
L ^ 'Lj^ v_jiLjii' ^ ^ti ^yjl oUiSUl j*^' LA/ ol i^l 

.4^Lo:»l ^JLtkP oUJlS3l 
t^y'^l^* <Jjtu L "powers of language" iil3l ^Jji 

^A-J j Z, iiJJ (^A^mj Z, iyii j) Z-* unary operation ajjU-*^! iJLftjJl 
j^l^J^I ^Umj*^! l^sL fcjyo Z, J "kleene closure" j^^JS" 

Grammars JiAljSlt 

Ja>-!:)l3 '^^^ iLajj- J JLpIjS 9-1 jSLi 
f... < <i**-»l ilUjj-) «<ilAj>-> Ji» ol^^JtXA (1) 

f... *"boy" ."The" ^ li^ss^ oUJ^ (2) 
<4W) LljJl (3) 
^'1^ J I ^iJbcM oLjaji^' (4) 
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(sentence) — > <noun phrase) (veib phrase) 
(object phrase) (article) (noun) 
(noun) -> apple 

(4JUi Al^jf) (4,^1 aXmjt) <- (Ut^r) 

(j^l) (iii> i*Jir> <- (Jy^ iU^> 

(ir^Ui) <- (p^t) 



JJI . 



(article) 




<obJ«et phraM) 



(noun) 

I 

apple 



(adjeetlTe) ajL^ (noun) ^1 

I I 

The Hnie^jL^ boy jjj ate J^' an 

ji 9-1 JSi ^1 

^ = KXr fcJl >*^l U^Lp y 'i^yr (2) 

.Start iiljJI 5 ^ jjij (3) 

oiLp s-.. ■ • . • ■ < ■* {oLyp) ^jj jjk -g^'^Jl Cr* ^ ^.■^•■•■o <A* (4) 
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SJ-ijJJ ^Ji^ t5>«^» J^i^^i Oli ^3 > jTJu. jj li) 

^luJJj ... ,c tb ta »Jj^U iJI^^ y>j^3 JLpIjSJI JU:. 
CiJ .5 ij.lJLil j-oj ^ ... .C 4B iA ibUl Dj^l 4jiLjS-:5UI iJjjsJL 
oUi^t tji oLJSJll Jij_^ ... ,a i--Jb»!l u»j>»Jt 

Language L^G) of a Grammar G G API jaU ^(G) i 

w => w' 7<: .G jlpI^aU F iiJUl ixi ,_yU jiPM^ w' ^ w 

.L(G) _! \4 >0jO «(G) 0*^1^1 iiJ ,Tl^}£\ itill oJj JLpIjS G jScd 

L(C) = {wer*:S=>=> w} 
Types of Grammars S^Sy^S jit 

.Noam Chomsky ^^^^^ ^J \ ^ji. JLpI,^ 
- 138 - 



a -> /?ojj-^l ^Lj J_S3 OL-T 1 ^yJI ^il G jpI^I (I) 
.a->;i5j^l lal < 1^1 ^ 

/I )ff oj^l ^Ls J-^ b| 2 ^jJI ^ l^i? JUL. G J*lyJI (2) 

ji /4 ^ a oj^i JS3 oir li| 3 \^\ JU G JlpI^I (3) 

j-_p t* ..n'.v- J— I— jUkJI OjSo. Ujutf- *A->aB 
aJj. Cijl* Ijb-lj l^-aJLP <-JUJ1j Ijl>"Ij 

.5-> /I oj^i ^ ji ^> > 

^ 3 ^J-jJi l5* -U-l^i Ol Jas-'i/ 

J^'jS J-S'j 1 ^jJi Cr-* Ci*.I ^ 2 JLpIjS JTj 2 ^jJl ^ CU..! 

^-i'ljJl cjI^ 1^1 context-sensitive i3W^ :l»L^ l^if JUL G JLptj2}l (a) 
a<4a' — > or^' 

i^l Ja_d3 iL«JiS3t fi A J__> JlJ' 4j\5^)f all oJla ^'ti'j 

.or' (ff ^j^u y4 cjI^ 
^IjJI ■ <* lil context-iree "jL-JL j-t" j/*— j G jpI^I (6) 

/< -^^ 
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^ jf'^Jl ^'A regular JU* G Jipt^l (c) 

.3 IfiM-tft i^LLJI JLptyJI oij 2 

:^lyJI ^yi Ai^SI^I G jlpI^I ^jJ ^jlp 9.1 ii ilL-y* 

Solved Problem 9.1 Determine the type of grammar G which consists of 
the productions: 

(fl) S — > oA, A iii4B, -» £>, i4 -» o 

(c) 5 -> oAfl, AB -> fl, A -> B -> 

(^i) 5 -> aB, B -> M, B -> Z?, B fl, A-^dB^A-^a 

OjSLi f^.Sll »-^L»Jl ^ ji*^^ 01 (^i tA^ a 5jj-^l U 

.0 G d\ AB^a ^i'^l (c) 

.A-^aB y\ A^a Sj^l ^-L; 3 4^1^ G (f/) 

Finite State Machines <L<jutt ^Utl u!ltT 

.o!)U-JuJI A -u^xia iii (1) 

."internal" "iJU-ljJl" o'JUJI y» S isi (2) 

.OU>- ,;»«aJ t Jl^J ^j* Z Aa^XU ^ (3) 
.S ^ So 4j|jL2jl aIU- (4) 
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.f:SxA-^S .Sjyi 4JUJI 4Jb ,_^'/*Jb (5) 
.giSxA^Z sg ^>-lil iib (6) 

.oW>lU j^j iJU-b o'iU- 

Example. The following defines a finite state machine M with two input 
symbols, three internal states, and three output symbols: 

•A = {a, b) (1) 
.5={5o,Ji,^2} (2) 
.Z={x,y,z} (3) 
.Initial state So (4) 

j^'^lT 4iyuif:SxA->S next-state function SJUJI iJUJI iib (5) 
/(jo.fl) = *|. /(j,,a) = 52. /(^2.a) = -yo 

Aiyu> giSxA^Z £j^\4^\^ (6) 
g(.yo,a) = j:, g(j,.fl) = x. ^(^2.0) = ^ 
g(s„,b)^y, g(sy,b)=^z, g{s2,b)=:y 

u = a^ba^b^ and v = fea6^ 
(a)Mv; (i»)vM; (c) v^. TJ^jI 
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Solved Problem 9.2 Consider the words 

u = a^ba^b^ and v-bab^ 
find: (a)Mv; {b)vu; (c) v^. 

liJlsJl 5*JS3l lJj^ JjSfl iJiS3l <Jj^ ^ iJaJl 

(a) «v = [a^ba^b^)(bab^) = a^hc?b^ab^ 
ib) vu = [bab^ "^a^ba^b^ ) = bab^a^ba^b^ 
(c) = vv = (fcfl/?^ \bab^ ) = fjoii^flfe^ 

^ Dj^i 5j_;o_^i j-rf 'j^jOi ojL_*ji ^ u 9.3 aJL^ 

^ Free Monoid S^l iiUVt 5y»jltj /I i J*-*^! 

Solved Problem 9.3 What, if any, is the difTerence between the free semi- 
group on an alphabet A and the free monoid on A? 

A Js> o^i iiUSlI 5^^l ,^Udl iJL* 
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(A) 




representing in memory 




Ackermann function 




Algebra: 




traversing jL 






propositions 




Binomial coefficients 






sets 






Algorithms: 




Bipartite graphs XJ^ 






binary trees 




Boolean algebra: ^LJ 




Euclidian 




definitions «-ijUi" 




functions 


Jb^ 


duality <ujLj 




Kruskal 




logic gates and circuits 






spanning tree 




^IjJij ^^Ijj 


Alphabet 




Bridges ^ 




Antisymmetric relations 




(C) 








Classes of sets obi) 1 J 


Arguments 




Closure properties J I^Uy 1 ji- 


Associative laws 




Combinations ^1 y 




(B) 




Commutative laws Ji-V^ ' 0^' 


Biconditional statements 




Complement law |*^»jlo oji\5 






Complete graphs "kiSs oUaL 




Binaiy relation 




Composition of relations 




Binary search trees XjUdi «i<jhJI jU«--l 






Binary trees: 




Conditional statements jtJ^ 




about 




Connected components aJvI ^ oL^ yt 




complete 




Connectivity iut ^ 




extended 




Contradictions oUaSUi' 
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Counting 




factorial 




Counting principles 




invertible 




Cutpoints 


^ i»Us 


logarithmic 




(D) 




one-to-one 


Jb-ljl Jb-lj 


Data structures 


oULJI jrU 


onto 




Degree of a vertex 




prepositional 




DeMorgan's laws 




recursively defined 




Diameter 


> 


(G) 




Distance 




Grammars 


jlpIjS 


Duality 




Graph theory 




(E) 




Graphs 


.~,\ LL^n 


Empty set 




bipartite 




Equivalence relations 




complete 




Euclidean algorithm 




finite 




Exponential functions 




homeomorphic 


ry 


(F) 




isomorphic 




Factorial function 




labeled 




Factorial notation 




regular 




Fibonacci sequence 




tree 




Finite graphs 




trivial 




Finite sets, counting principle 


weighted 








(H) 




Finite state machines 




Homeomorphic graphs 






i;uJI ;JUJI o-ifT 


Horner's method 




Free semigroup 








Functions 


Jiji 


Inclusion*exclusion principle 


as relations 






- J*U31 iju*Jl 


exponential 




Idempotent law 
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Identity law j^lkJI ojiUi 
Indexed classes of sets 

Inverse relation 4,.—<.c- o ^ 

Invertible lunctions a,S»:.* Jlja 

Involution law i^UJ'^l uyli 
Isomorphic graphs 

JS'Liy ,y oUsLm 
(K) 

Kleene closure of L L J jJJ' 
(L) 

Labeled graphs (aaJLu) oUoUm 

Languages oU3 

Laws: I^jjl j5 
algebra of propositions LLoill 

algebra of sets olsil I 

associative V^^-^l 

commutative <4j.->^' 

complement 4 

DeMorgan's ol>'j^ 

distributive V^jy 

idempotent ^^^1 

identity ^tLJt 

involution i_»UJ*jl 

Logarithmic function j5 ^ b 
Logic and prepositional calculus 

Logic circuits 4'..Sln; « ^Ijd 



Logic gates 
Logical equivalence 
Logical operations 

(M) 

Machines o'ilT 
finite state <ll»JI A:^4::14 

Mathematical functions J'j^ 
Mathematical induction ,_^Vj^ ^Ix;::^! 
Minimum spanning trees 

Multigraphs oUbLmJI ^Jbcu* 

(N) 

Negation of quantified statements 

Notation y 
(O) 

One-lo-one functions Ji»-lj Jljj 

Onto functions ^y^j^ Jt^^ 

Ordered and unordered partitions 

(P) 

Partial ordering relations oli^ 

Partitions oUl)J»^* 

Pascal's triangle JlSL-u viJio 

Paths oljL-;o 

Permutations Ji->V 
Pictorial representations of relations 
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Pigeonhole principle 




antisymmetric 




Power set 




binary 




Principles: 




composition of 




counting 




equivalence 




i nc lusion-exclusion 




functions as 




of abstraction 




inverse 




of duality 




partial ordering 




of extension 


jlJI 


pictorial representation 


of finite sets, counting 










reflexive 




of mathematical induction 


(S) 




^\:^^\ 


Symmetric 




of substitution 




Sequences 




pigeonhole 




Set operations < 




product rule 




Set theory 




sum rule 




Sets: 




Priority queue 




classes 




Product sets 




indexed classes 




Propositional functions 




power 




Propositions 




symbols 




(Q) 




Solution set 




Quantifiers 




Stacks 




(R) 




Subgraphs 




Recursively defined functions 


Subsets 






Symmetric relations 




Reflexive relations i 




(T) 




Regular graphs 




Tautologies 




Relations 




Theorems: 
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algebra of sets 




relations 




argument 




subsets 




Boolean algebra 




transitive closure 




combination 




tree graph 




concatenation 




vertex degree of 




DeMorgan 




Transitive relations 




duality 




Tree graphs 




equivalence relations jilSor oli ^ 


Trivial graphs 




equivalents 




Truth tables 




flnite sets 




(U) 




inclusion-exclusion 




Universal set 




invertible function 


l^Sf>.\a 43b 


(V) 




logic circuits 




Venn diagrams 


^ oUaLM 


ordered partitions 


<^ jit oUsj>w 


Vertex 




Pascal's triangle 




(W) 




path 




Weighted graphs 




permutations 




Words 




propositions 








reflexive and symmetric closure 
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Study Guides/Mathematics 



When you don^t have the time... 
but you still need the grade! 

If your life is too busy to spend hours ploughing through weighty textbooks, and 
you need every study minute to count, Schaum's Easy Outline of Discrete Mathematics 
is perfect for you!This super-condensed, high-torque study guide gives you what 
you need to know in a fraction of the time. 

SUPER-IMPACT 

Built for quick, effective study, this Easy Outline packs exciting new learning tools 
that make mastering discrete mathematics fast, fun — and almost automatic. 

SPEEDY 

Quick-study experts slashed the time you need to spend with your books by reducing 
discrete mathematics to the essentials the professor expects you to know. This Easy 
Outline is perfect for test preparation, pre-exam review, and handling those last-minute 
cram situations. 

HI-QUALITY 

Easy Outlines give you 100% of the authority of Schaum's full-sized guides, known 
around the world for the highest academic standards. 

BACKPACK-ABLE STUDY POWER 
Compact and portable, this Easy Outline lets you study discrete mathematics anywhere. 

SCHAUM'S GETS THE GRADE! 
Let's talk bottom line. Schaum's Easy Outlines give you what you want — better 
grades, with less work, and more free time! 

Get the essence of discrete mathematics the easy way. Schaum's Easy Outline 
of Discrete Mathematics helps you master discrete mathematics with plenty of 
illustrations, memory joggers, and the newest, rapid-absorption teaching 
techniques. Backed by Schaum's reputation for academic authority, this is the 
study guide students turn to and trust. Students know that Schaum's is going 
to be there for them when they need it! 



• Quick study tips • Student-friendly style 

• At-a-glance tables • Perfect for test prep 




a$k2pcif.biogspotcom 



